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1.0 INTRODUCTION

This report describes batch and aaiartexchange column laboratory-scale
---- -- studie$ inv°cstigatiige x situ ^^ethods to remove chromate (chromium [VI]),

nitrate (NO3 ); and uranium (present as uranyl (uranium [VI]) carbonato
anionic species) from contaminated Hanford Site groundwaters. The tech-
noidgies investigated include chemical precipitation or coprecipitation to
remove chromate and uranium, and anion exchange to remove chromate, uranium,
and nitrate. The technologies investigated were specified in the 100-HR-3
Groundwater Treatabi)ity Test P1an (DOE-RL 1993). The goal of these tests was
to determine the best method to remove selected contaminants to below the
-concentration of the pro.iect performance goals (Table 1). The raw data and
observations made during these tests can be found in the Westinghouse Hanford
Company (WHC) laboratory notebooks (Beck 1992, Herting 1993).

^
Lf The method recommended for future study is anion exchange with Dowex 21K

resin.

C
' 1.1 BACKGROUND

42" The 100-HR-3 Operable Unit is a groundwater unitnear the 100-HReactnr.
Due to past reactor operations, the groundwater has become contaminated with
4fa7L1SlIit,-chrOma-te-,And_nitrat_e,---.TheuC'-aniUm-1SmostliM1e}ylnthe form of a
uranyl carbonato anion complex [U02(CO3)3] Z(IT Corp. 1989, Appendix F).
Chromium is present in the groundwater as chromate. Nitrate is also present
in this groundwater. Analyses of an uncontaminated well (119-H3-2) from the
100 H Area re pr°sented in Apoendix A. The concentrations of selected con-
taminants for the wells selectad for testing can be found in the data on
breakthrough tests.

Table 1. Performance Goals (DOE-RL 1993).

Contaminant Performance goal

Total alpha, nf.i/I jca

TotaT beta, pCi/L 40'

Chromium ( total), gg/L 100a

Nitrate ( as NO3), µg/L 45,000a

Uranium; ug/L 22c

aMaximum Contaminant Level (40 CFR 141).
bValnP i c 0,04 x Derived Conc.°cntr atton

Guide for radionuclides in water ( WHC 1988).
`Derived from the total alpha

fYe--rvTO-rrrance goal, assuming natural uranium
isotopic composition.
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The wells tested were selected in the Test Plan (DOE-RL 1993) to provide
a wide range of contaminant levels and to be representative of the groundwater
f-0urd in the 100-HR-3 Operable Unit. Well 199 H3-2C was used as an uncontam
inated starting material for spiking. The spiking levels for nitrate and
chromate were chosen to represent the upper bound on groundwater contamination
in the 100-H Area. The uranium spiking level was chosen to be considerably
above the upper bound of likely groundwater contamination, so that the
efficacy of treatment could be ascertained. The uranium spike level was
planned to be about 800 ppb; however, due to difficulties in spiking, the
actual level was less and is reported along with each test.

The selection all analytes, contaminants for removal, and considerable
background are topics dis_cussed at--length in the Test--Plan ( nnE-RL 1993) and
the Test Procedures ( Beck and Delegard 1993). To avoid duplication, those
discussions will not be repeated here. The major thrust of this series of
tests is to determine which of several treatment options will remove the
contaminants of interest from ambient ( not pH adjusted) groundwater from the
100-HR-3 Operable Unit.

The analytical methods used are presented in Table 2.

2.0 PRECIPITATION METHODS

2.1 INTRODUCTION

.Two precipitation methods, sulfide precipitation and brushite
-.----CQpCeClpl-F,atiCny-41fr2-t-e$tcd fCrTciTiOtidi of contaminants. The ferrous

sulfate/sodium sulfide method was specified in the Test Plan (DOE-RL 1993) as
•

}
.. ^

„° J..ct
'

e t ,^ ^^m̂^^va ."^a-' ' teu^ ;;^ and The brushiiea l °l}--t,^_ ,4r-- s̀ :^s: :c `L
coprecipitation method was specifiedV

,
by Beck and Delegard (1993) as a likely

method of uranium removal. The goal of the precipitation tests was to
determine if the uranium and/or chromium could be removed to less than the
performance goals specified in the Test Plan (DOE-RL 1993) and Table 1 of this
document.

The chemical rationale for the sulfide method was to use sodium sulfide
(Nazs) and ferrous sulfate (FeSO4) to first reduce Cr(VI) to Cr(III) and then
to coprecipitate the reduced chromium with the resulting ferric hydroxide
(Fe(OH)3) and/or ferric sulfide (Fe,S„). The possible reduction and/or
precipitation and retention of uranium (VI) by this technique was also tested.
Refer to the Test Procedures (Beck and Delegard 1993) for a more complete
discussion and references to the literature.
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Table 2. Chemical Analyses.

a.T-,
Lr
n®F

r-.:
C^Jt

Minimum

Analyte(s) Method n Title detection
- --- iiiTiit

Cations LA-505-241 ICP Emission Spectrometer 50 ppb
(1CP) Method for Trace Element

Analysis of water and
waste

Total LA-505-151 ICP Emission Spectrometer 29 ppb
chromium LA-505-241 Method for Trace Element

Analysis of water and
waste

i-C hroariiam(liTj j perrrophotometric 19 ppb
determination ofCr(':1)

Anion (I^) LA-533-105 Anion analysis on Dionex 10,000
LA-533-201 Model 4000i pph

Nitrate LA-533-105 Anion analysis on Dionex 10,000
LA-533-201 Model 4000i ppb

Uranium LA-925-007 Uranium by laser induced 1 ppb U
kinetic phosohorescence

Total LA-344-105 Determination of carbon N/A
organic in solutions by
carbon combustion and coulometry

Total LA-622-102 Determination of N/A
inorganic carbonate/carbon or TIC
carbon in solutions by

coulometry

Total alpha LA-548-203 Alpha and-beta in liquid
and total sample
beta

pH - ^
-L

.,, 2-IIG,
V
..

LHL Determination of pH N/A
direct measurement

_ h/A_- T-heactual detection-li^uit-i-s determined by the amount
of sample available and the count.

Simple addition of-disodium--hydrogen-phosphate_(Nah'PO,-tQ-prec'rpitate
brushite (CaHP04) from the contained calcium ion naturalfy present in the
Hanford Site groundwater was tested for its efficacy in removing U(VI).
Scouting experiments showed that additional calcium ion, introduced as calcium
chloride (CaCIZ) solution to the groundwater, was required to provide
sufficient precipitate to carry uranium. The incidental removal of chromate
from solution by coprecipitation with brushite was also investigated.

Neither of these methods was expected to provide nitrate removal.

3
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--------- -2:2 EYPERiMENTAL

The precipitation tests were conducted by adding the precipitating
agents to 30 mL of spiked groundwater solution, then stirring via a magnetic
stir h3r for 30 mi.n.utes,--fal?o::ed by ''^in"+«^°s of centrifugation. A setting^^^
of "5" on an International Equipment Company clinical centrifuge was used,
yielding a "g" force of 320±130 g (at 90% confidence) at the top of the 30 mL
of water and 600±250 g at the bottom of the centrifuge cone. The samples were
then filtered, using a 0.45-µm cellulose acetate filter. The sodium
sulfide/ferrous sulfate treatment was accomplished by adding a dilute stock
solution of sodium sulfide to produce 12 mg S,z/L in the final test solution,
and-then adding ferrous sulfate stock solution to produce 9.9 mg Fe*z/L in the
final test solution. The phosphate treatment was accomplished by adding
sodium hydrogen phosphate stock solution to produce 5,550 mg HPO4 Z/L in the
final solution and calcium chloride stock solution sufficient to produce (in
conjunction with natural calcium) 92 mg Ca-Z/L. The levels of HPO4 Z and Ca+z
were determined in scouting experiments as those levels that gave the best
precipitation, as determined by visual observation.

K°6 The test was a full factorial experiment, which means that all
combinations of the variables of interest (uranium, nitrate, chromium) were
explored. Each variable had two levels, which yields eight different

uLL solutions (to vary the concentrations of contaminants). Each test was
performed in duplicate. Blanks and standards were shipped with each batch of
samples. Due to the small amounts of sample, no replicate analyses were done.

2.2.1 Quality Control

All precipitation tests were done in duplicate. Method blanks and
standards were sent with each batch of samples. Analytical quality control
(performed at PUREX Laboratory) included standards with every batch run for

- all the analyses. All standards fell within acceptable (±20% relative
standard deviation) limits. No contamination was detected in the method
blanks. A test of theeffect-of the filt.eri.nn, process on the concentrations
of contaminants was performed. No effect from filtering could be seen
(Appendix B). Values of chromium were higher after treatment for some samples
(EBPS1501, EBPD1501, EBPS1601, EBPD1601) than the starting concentrations. No
dNpurcnt cnNiariatiun for tf1iS d15CrepdnCy exists.

2.3 RESULTS

- Table 3 summarizes the results of the batch tests for the precipitation
tests.--The_data that Table3 summarizes cen-be f vr,u in Append;;r-; . The
decontamination factor ( DF) is the original concentration of the contaminant,
as determined by the laboratory, divided by the amount found after treatment.

DF = Co/CfinaL
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Table 3. Average Decontamination Factors for Precipitation
Methods.

r"..
s.r
10

4

(`•,..F

^^.

Total
ChromiumMethod Uranium Nitrate chromium (VI)

by ICP

Sodium sulfide/ 1.3a 0.9 9.6 64
ferrous sulfate

Sodium hydrogen 0.9 1.0 1.2 1.2
phosphate without
add=d calc;um
chloride

Sodium hvdrogen 32 1.1 0.9 1.6
phosphate with added
calcium chloride

Filter alone 0.9 1.0 1.3 0.9

Standard, no 1.5 1.0 1.3 1.9
treatment

aThe data do not support more significant figures than
shown in this table.

Higher numbers denote more complete removal of the contaminant from the
groundwater. The approximate initial concentrations for the high-level spike
are 12;000 ppb for total chromium [chromium by inductively coupled plasma-
atomic emissionspectroscopy ralso referred to as Cr- ICP)] and Cr(VI), 600 ppb
foruranium;and2Ci0,L100 ppb.for nitrate.-- In this report concentrations are
given in terms of parts per billion, which is equivalent to micrograms per
liter. Because of experimental errors and the fact that the DF is a ratio,
the DFs can be skewed. DF values less than about 2 are not significant,
because the standard has DF values not equal-t-o1_(Roaoparent change in.
concentration). T he-change-in concentration could be caused by adsorption of
t^n-^n^4iT4n^^}-

/ ..L3..L i •

t hethe wii^aurnia^^s ^^ini^iiafc at very i6Ni leVeISJ on t o Lwall of the sample
rnntainor .

The sulfide/ferrous sulfate treatment resulted in a very dark colloidal
suspension that was notremovedupon rantrifiinatinn, This. , , .,,, colloidal
suspension was, however, removed upon filtration. The volume of material on
the filter following was smaller than I mL but, due to the small amount of
soiution treated per test and the corresponding small amount of residue, no
measurement of the exact mass or volume was performed. The phosphate-calcium
chloride treatment resulted in a fluffy white precipitate that was removed by
centrifugation but settled very slowly in gravity settling tests. The
phosphate-calcium chloride process precipitate was about one-tenth of the
original solution volume before centrifuging and one one-hundredth of the
o'riginai soiution voiume after centrifuging. All steps in the process, save
the addition of the reagents, were shown to have no significant effect on the
concentration of the contaminants.

The high DFs shown in Table 3 may, in fact, be lower than the actual
DFs. This is because the limit of detection of the chemical analysis methods
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as cften reached. The iimit of detection was used as a final concentration
value for those tests in which the final concentration is reported as less
than the detection fiimit.- The DFs produced by experimental method
(centrifugation and filtration)used are likely tnbehigher than the DFs

------- --prcduced by a gravity settiing and decanting t echnique, as the method used
removed all of the suspension by filtering.

Two conclusions can be drawn: (1) the sodium sulfide, ferrous sulfate
treatment removes chromium, especially hexavalent chromium, and (2) the
phosphate-calcium chloride treatment produces significant DFs with uranium.
Both conclusions are those expected from the literature review. The sulfide
treatment fails to remove uranium and the phosphate treatment does not produce
significant DFs with chromium. Both treatment methods have little effect on
the nitrate concentration.

----- The authors are unable to distin9uishanY_effect- thent.her contaminants
i^r'°: had on uranium removal by the hos hate method. The apparentp p effect of

nitrate on uranium removal by the phosphate-calcium chloride method may be an
+ artifact of high limits of detections due to insufficient sample. Higher DFs

are found in solutions with a high original amount of uranium, probably due to
^ the above-mentioned effect of the limit of detection on the OF. No effect of

pH-on anybatch- test (precipitation or anion exchange) could be determined
because the experimental procedure did not supply the lab-oratorywit..h enn gh,
sample t o perform pH measurements.

The sulfide/ferrous sulfate method removes the chromium ( both total
c'rra i u^i aiu nexavaient chromium). It can be shown that a higher nitrate
concentration increased the DF of total chromium ( Cr-ICP). The uranium
c9nC-eRtratlon has no effect on the cllroimium OF. The effect of the limit of

detection on the DF is the same as for uranium removal. No effect of other
contaminantscould bedetermined, sincethe detection limit became the lower
bound for all final concentrations, thereby yielding the same DF for the same
original concentration.

Neither method, as performed in these batch tests, produced easily
gravity-settled flocculant. The sulfide tests were especially prone to
producing a flocculant that could not be centrifuged. The DFs found may be an
effect of the filtering process, instead of centrifugation. Filtering may
have removed colloidal particles (which were not removed by centrifuging).

Because neither precipitation method removed both chromium and uranium
from solution and each method generated significant quantities of sludge or
flocculant, further tests were considered to be superfluous. No
concentration-versus-time kinetic study was done as proposed in the Test
Procedures (Beck and Delegard 1993).

2.4 FERRIC CHLORIDE/COAGULANT AID TESTS

The removal of colloids and colloidal flocs (due to incomplete
agglomeration and relatively small nucleation) has been a part of water and
wastewater treatment for decades.

The solid-liquid separation involves two stages: coagulation (charge
neutraliZationafld_.1111crOfl9Cfnrrt^ation)--and--flacculdtiCn (Raman 17Bi).

6
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--_ E-0agulat L-,-(vF`I'c:h-imay be accsmpkisfed wlth rron saiLs FeSU4; Tez(Svi)3, and
haCl,l is merEl^ the neaati^!1.Llf !nfl anc„n o f t he iifFr^ l•,,,,N ...,^^, L,, a,E of ^„^nter-
rons around the negatively charged coiloid (Sawyer and McCarty 1978).

The_actionof_-a_polymer in_floccula-tion is to arcelerata the gravi-
tational forces overcoming inertial forces by adsorption and interoarticle

_brid7ing (Weher iQ72)
^

The polymer selected for this study was CAT-FLOC L (a trademark of the
._._----Cal orr Cor orati-oi^ _a monomer

•- g ^ ^,- ift2ditiitt-iTiEl@CGler wcight i"W mocationic poly-
electrolyte. The polymer is used as a coagulant aid in water clarification in
conjunction with ferric salts. CAT-FLOC is a chlorine-resistant polymer and
effective over a broad pH range.

C-T., 2.4.1 Experimental
L

A salu±i-0n mf-fer-ric chloride :ns- mzdeuptc 30 mg/L
18 megaohm water. A solution of cAT-FLOC L was made up to

;` 1.032 g/mL) in deionized, 18 megaohm water.
C^J

iron in deiorized,
5 mg/L (sp gr

Water from the 100-HR-3 Area wells, 199-H4-4 and 199-D5-15, was used as
the test matrix. Changes were made to the well numbers. The choice of the
wells was explained in 100-HR-3 Groundwater Treatability Test P1an
(DOE-RL 1993). The contaminants of concern were chromate as chrome (VI),
nitrate, anduranium [as uranium (VI) due to the contribution to total alpha
and total beta]. Table 4 lists the values as reported in the Hanford
Environment_a1 Information System Analysis for 100-HR-3 Groundwater, sampled
during the 1992 sampling campaign; this table is also contained in DOE-RL
(1993) as Table 1-1.

>
Table 1 listed the performance goals for each of the contaminants. This

table is also contained in 100-HR-3 Groundwater Treatability Test Plan (DOE-RL
1993, Table 1-1).

To obtain a high turbulence during the initial mixing (rapid mix) phase
and ensure complete mixing, a Phipps-Bird paddle stirrer was used. According
to Hudson (1981), the jar test (using a Phipps-Bird or equivalent paddle
mixer)_isthemost widely-used met.hod to evaluate coamilation_flocculation
processes.

Turbidity measurements-were made with a HACH Model 2100A Turbidimeter
and standardized against HACH turbidity standards supplied with the
instrument.

Before any pH measurements were made, the instrument was standardized
u,i+ti +tio ^+., ti.'ca,.^,.

------ nien 'ne apprvpriai.e uuiie^^.

Total solids were measured by evaporating a known volume of sample in a
tared evaooratina dish at 110--tared ---^-' --...^ _-" At - ,..

7
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Table 4. Contaminant Levels (DOE-RL 1993).

Contaminant Well 199-H4-4 Well 199-D5-15

Gross alpha, pCi/L 28.2 1.3

Gross beta, pCi/l 49-

Chromium ( total), ug/L 110 1,740

Nitrate ( as N0,),ug/L 100,000 10 0009

The PUREX laboratory analyzed the chromium, gross alpha, gross beta,
nitrates, and uranium from the samples with the lowest turbidity after

pr treatment.

Aliquots (400 mL) of water samples from wells 199-H4-4 and 199-D5-15
were placed in 1-L beakers. Due to the paucity of sample volume, 400 mL was
used as a test. The solution additions were adjusted accordingly.

The 1-L beaker containing 400 mL of water was placed in the paddle
stirrer and the paddle lowered into the water. The speed was adjusted to the
maximum rpm available to induce as high a Reynolds number (Na) as possible.

The ferric chloride was introduced at _a_concentration of 30 m..a Fa(Iri)/L
via a pipette just under the water surface. ( The stock solutinn was prepared
to contain 30 mg of Fe(III)/mL. Therefore, 1 mL of stock solution would be
added to i L'f well water. if less well water was used, the appropriate
adjustment to the amount of the stock solution was made.) This aspect of the
test represents the rapid mix tank in a physicochemical water treatment
system. The ferric chloride was allowed to mix for 2 minutes.

___After_ 2 oinute$, the paddles +:ere slowed to 20 rpm and the CAT-FLOC L
was introduced just under the water surface. To ascertain the treatment
regime that allowed the lowest turbidity to be obtained, the CAT-FLOC was
varied fP_offLlo- t0-.4%agalnSt_ 30 mg FeI1Ti}/L._ .-.The- CnT-FLf_'iC-'.w,'ai alinwoii to

contact the ferric chloride induced pin-floc for 2 minutes. This aspect of
the test represents the flocculation basin in a physicochemical water
treatment system.

After 2 minutes of contact, the paddles were stopped and removed from
the water. The floc was allowed to settle, and turbidity, pH, and solids

_ _-...---mEas3r-emen tswerwere made.

The test water was also filtered through a 0.2-micron filter to retain
all flocculated material. The samples sent to the PUREX laboratory consisted
of the well water without treatment, the flocculated material, and the
filtrate.

The test and sample preparation data are recorded in laboratory notebook
WHC-N-321 1 (Herting 1993).

8
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2.4.2 Quality Control

These tests were not done in duplicate, nor were replicate analyses
performed. Anaiyticai standards were run, and all standards were within
acceptable limits.

2.4.3 Results

Table 5 contains the results of the physical measurements from the water
samples.

The fi6c generated, settied within 10 to 15 minutes, and exhibited
compression settling. By visual observation, the floc appeared to dewater
easily when filtered.

The settleability of the floc was determined in a 1-L graduated cylinder
under the ferric chloride and CAT-FLOC conditions that gave the best response
to the turbidity measurement.

rr^ A liter of well water sample was introduced into a liter-qraduated
cylinder ( approximately 14- by 2.25-in. ID) with a magnetic stir bar and

..µ^. .plaC2d6na--.ma^yneticStlr rer. ---The- ferri-i: chi0ri-deaiid'UAT-fLUCwa5 introduced
-into-the-sample-with the appropriate mixing times as described above. After
the CAT-FLOC had contacted the pin-floc for 2 minutes, the stirrer was turned
off and the floc was allowed to settle. Measurements were taken of the heavy
floc line at 1-minute intervals ( Table 6). The measurements were stopped at
10 minutes as the resident time in a clarification basin is usually 15 minutes
or more. By 10 minutes, the fioc would h ave cleared the outflow weir inlets
in the clarification tank.

As stated above, the chemical analysis was conducted at PUREX
labvrator'r`:.. _Table--76-ivesth° „°°••^a° - -...^ir_

3.0 ANION EXCHANGE METHODS

Strong-base anion exchange has been used in a number of applications to
remove chromate from corrosion inhibition solutions used in water-cooled heat
exchange equipment and to remove nitrate from nitrate-polluted waters.
1r`6r_4ng-B aSe d.h.iQP. _.. h eS-^llyi.. ^^.-^.,; T ,..:ii'PN _̂ha_ng_a _al.S_..n -.,^?-5 .,h2-o...n. J-<..Bd c.,LCE,.c.,fL-^ i
operations, as well as to remove U(VI) from contaminated Hanford Site
groundwater. Therefore, three strong-base anion exchange resins were tested
fnr

- v
+hei^+ effi

i .,ri, c
e

i
n

i c
ry and r^pa,.;+y in removing the three contaminants----- ------_-sor anu .e a^.io

(chromate, uranium, and nitrate) from Hanford Site groundwater. The three
resins were selected for these applications on the recommendations of the
resin manufacLurers,-Rohm and-Haas Company and Dow Chemical Company.
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Table 5. Physical Response Parameters.

Well Turbidity Turbidity
Solids

sam le
p

before after pH before pH after 9e e edtreatment treatment treatment treatment ^

(NTU) (NTU)
(^

Lj

H4-4 3.2 1.1 7.4 6.5 0.821

05-15 1.0 1.0 7.1 5.8 0.660

Table 6. Distance of Floc Line from Top of Water.

Time (minutes) Well D5-15 (in.) Well H4-4 (in.)

1 0.5 0.5

2 1.25 1.0

", 3 2.0 2.25^-..
4 3.0 3.25

5 3.75 4.25

6 4.25 5.5

5.75

J
$

L

7.0

8.0

7.5

8.25

A
9.25 9.75

Table 7. Chemical Analysis.

Wella
Gross
alpha
(pCi/L)

Gross
beta

(pCi/L)

Total
chro(mium

ppb)

Uranium(ppb) Nitrate(ppb)

H4-4 C <48 <1,900 67 35 61,000

H4-4 F 57 270 30 <0.97 61,000

H4-4 P1 <936 <2,800 510 207 b
D5-15 C 56 75 2,250 4 , 5,030

D5-15 F <61 I <401 1,340 <0.97 5,060

i 05-15 P 1 <1,500 23,100 55,500 <0.97 b

°C = control (untreated sample); F = filtrate;
P = floc.

bThe precipitate was dissolved in nitric acid and
rendered unusable for nitrate analysis.

10
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3.1 BATCH TESTS

._.3-.1,1_..Evporimontal

The anion exchange tests were conducted in much the same manner as the
precipitation tests previously mentioned, to facilitate comparisons between
the precipitation and anion exchange methods. The levels of resin used in all
batch tests were approximately 6 g/30 mL and 1.2 g/30 mL of solution. The
centrifugation step was deleted, the resin beads did not pack, and a
filtration step was sufficient to remove all the beads. The resins were
approximately 16-30 mesh in size.

The test was a full factorial experiment, which means that all
combinations of the variables of interest (uranium, nitrate, chromium, and
resin concentration) were explored. Each variable had two levels, which yield
eight different solution compositions and two different levels of resin, for a
total of 16 tests per resin. Blanks and standards were shipped with each
batch of samples. Because of the small amount of sample per test, no
replicate analyses were done.

r.!

3.1.2 Quality Control

All anion exchange batch tests were done in duplicate. Method blanks
hU ^t]'tuuru3 3 y .. ^^-

of-- st,.. , s^ ;tn eachbatch oT samplPS. Analytical qualtty
control (performed at PUREX Laboratory) included standards with every batch
run, for all the analyses. All standards fell within acceptable (±20%
relative standard deviation) limits. No contamination was detected in the
method blanks,

3.1.3 Results

All of the DFs presented in Table 8(which summarizes Appendix D) should
be considered to be low estimates, as the limit of detection is the limiting
factor in the DFs. The effects ofthe limit of detection on the OF are
discussed in the previous section. This effect is pronounced for the uranium
OF of Dowex 21K, as the data for a high initial uranium concentration test are
not avaiiabie and TWO other high initial uranium concentration data points
have inflated "less-than" values due to insufficient sample. Reruns for the
several different analyses often exhausted the small amount of sample
available. The data for low initial amounts of contaminants fail to show any
differences among the resins and demonstrate that a limit of detection
comparable with the initial concentration yields a low OF.

Dowex 21K has a much higher OF for nitrate than the other two resins and
comparable chromium DFs. Given the uncertainties in the data ( shown as
confidence limits), the uranium OF for Dowex 21K is comparable with the other
two resins, -Al' the r-esins-show -extie}}e,t DFs for uranium and chroma'te.

The data do not support more significant figures than shown in Table 8.
The data are reported as the mean ± one standard deviation.

11
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Table 8.AYerage_Dernntami„atlon FaCtors--Anion Exchange
Resin Methods High Initial Concentration

Decontamination Fartorse

Total
ChromiumUranium Nitrate chromium

(VI)
by ICP

Dowex 21K o0+70 40±20 100±46 00±19
(7)8 (7) (6) (4)

Amberlite 410 120±46 12±2 60±23 86±3
(15) (7) (6) (4)

Amberlite 402 110±70 6±1 40±23 60±46
(14) (4) (6) (4)

aThe numbers in parentheses are the decontamination
factors for low initial amount of contaminants.--- -

Freundlich analysis (a plot of the logarithm of mass of solute adsorbed
versus log effluent concentration) planned in the test procedures (Beck and

s-.;--_^ Delegard 1993) was performed. Regressions showed the data to be inconclusive;
therefore, the analysis yielded no useful information. The goal of a
Freundlich analysis is to predict the resin loading at 100% breakthrough (the
effluent ana initial concentrations are equal) and determine the capacity of

r s o I throughput column volumes.th2 ^-- -`

- The effect of interactions among the contaminants on the final
concentration of the contaminants has been explored using the statistical
package Statqraphics (a trademark of Statistical Graphics Corporation). To
determi-ne the_interactions -among.the contam'rirtants, Equation 1 was used in a
stepwise regression procedure.

The final concentration of contaminant, Cfinail was modeled using an
equation in the form of Equation 1.

Cfinat = constant + Bi(U] + Bz[Cr]+ f33[N03] + B4[Resin]

+ B1z[U]*[Cr] + 673[U]*[NO3] + B,4[U]*[Resin]

+ B23[Cr]*[NO3] + B24[Cr]*[Resin] + 83G[N03]*[Resin] (1)

The stepwise regression procedure was used to estimate and test the
significance of the regression coefficients B, B,.... 83 . Appendix E gives
the regression coefficients for each of the varia7bles in ^quation 1.

The concentrations ( e.g., [U]) used in Equation 1 are the initial
concentration of each of the contaminants. The interaction terms (e.g.,
[U]*(Cr]) are the product of the initial concentrations of the contaminants.
In the example used, this i s the concentration of uranium multiplied by the
concentration of chromium. This equation does not take into account the
Cr(VI) initial concentration as it is essentially identical to the Cr (Cr-ICP)
value. The use of two identical values like the origina_1- concentrations of Cr
and Cr(Vi) in the equation would have created computational difficulties.

12
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A positive coefficient denotes a 'term that increases Cfina ( decreasing
DF)-w-it-h i ncreasing initial co i 1.161.^^^^ r^°*iI onnn of the interferant. ^ negative
coefficient denotes a term that decreases Cfi,,,i ( increasing DF) with

--------- -irli.reasing iriitial concentration of the interterant.

One notable result of the regression analysis is that the final uranium
concentration model is free from any interactions with any of the resins,
ii?dicati9y ii,at L is pro-aao-Y,: the specie most tightly bound to the resin and
therefore least likely to break through and most likely to be eluted last.
Nitrate has significant interactions with chromium (with Amberlite 402) and
with the product of the nitrate and chromium concentrations, with
Amberl-ite 402 and-41p,_--This indicates that nitrate and chromate may be
competing for the same binding sites on Amberlite 402 and 410. Nitrate and
chromium do not interact on Dowex 21K. A very small coefficient in the
^itratc

^n
th e product L L_- equa tio n for Iprauu^^ o f t he concentrations of uranium and chromium

also exists for Dowex 21K. Nitrate is interfered with by uranium on
Ln Amha_rlite 402 and d1U.^ .

•.b^

3.2 EQUILIBRIUM TESTS

3.2.1 Introduction

The FraundTich analysers failed to yield usabie informaiion. Therefore,
an alternative method was needed to estimate the amount of solution needed to
enahla the contaminants to reach breakthrough. The removal efficiency e
(given as milliliters of solution treated per milliliters of resin) is the
amount of solution that the resin has treated, such that the effluent
concentration is 50% of the original (feed) concentration, per milliliters of
resin (Bray 1989).

e = (Co-Cf/Cf) * sample volume/resin mass

* resin bed density (2)

where Co is the original concentration and Cf is the concentration of the
---contamirrant after equilibrrum 'treatrnent. Sample volume is in units of

m;,,;,,,.-u^ * ''n .-- - r,^^^ „1^^1^,_L11^ resin rass in u nit s of grams, and the resin bed density in
urlits of grams Per fiiiii il iter.

This equation holds true for all reasonable column flow rates (where
equilibrium is approximated) ( Daniels et al. 1962).

3.2.2 Experimental

The equiiibrium tests were conducted similarly to the aforementioned
anion exchange batGh tPst.s, but iRCluded-cnay-z he salution that had high U
(-500 ppb), N03- (- 200,000 ppb), and Cr ( -2,000 ppb) concentration. The
amount of resin used was 0.1 g/30 mL of solution and 0.05 g/30 mL solution,

13
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which is far less than that used in the batch contact tests. The solution was
stirred overnight and then treated identically to the batch tests.

3.2.3 Quality Control

All tests were done in duplicate. Method blanks and standards were sent
with each batch of samples. Analytical quality control ( performed at PUREX
laboratory) included standards with every batch run, for all the analyses.
All standards fell within acceptable ( ±20% relative standard deviation)
limits. No contaminat-i9n-.was detected in the methnd =i,^!__.

3.2.4 Results

The equilibrium tests showed that an enormous quantity of spiked
. .w.`nên_.._le.^.groundwater -would be -reautre^i tn reach breakthraugh (a ^,,^;̂ r^ the

concentration equals 50% of original concentration, i.e., C/Co=0.5) for
uranium and chromium. The least amount of groundwater needed to achieve
,,^ ^._.._` for^,ea^^,.^nr°^uyn r̀ ur chromium is approximately 15 L of spiked groundwater per

CI! milliliter of resin. Because the minimum amount of resin is 4.6 mL, due to
; . , _.. .

constraints-on column s l̂ ^ *h ^ " f-_,._.^.. ^-?nv^lu eC}!S!-SP a_nniir /ii L Cf ^rnc^
...... groundwater. This amount of groundwater was not available and, even if it

-------- ^,^, it would-exceed the physical limtts of the fume hood where-the t.ests
_-_-were conducted: The-vaiue given for the volume required for the effluent

concentration to reach 50% of the influent concentration is in fact a minimum,
as this equilibrium test, like the batch tests, was limited by the limit of
detection of the chemical analysis for both chromium and uranium.

The raw data and some calculated values are presented in Appendix F.
>

4.0 BREAKTHROUGH TESTS

The four main objectives of performing breakthrough tests are as
follows.

• Determine whether the resin will adsorb the contaminants
sufficiently in a column with a realistic flow rate.

• Determine the effect, if any, flow rate has on the column
retention of contaminants. This is done by running the column at
both the low and high end of the manufacturer's suggested flow
rates.

• Determine the number of column volumes of groundwater the column
can retain, without breakthrough, of each of the contaminants.

• Determine, using actual groundwater from the 100-H and
100-D Areas, the behavior of the contaminants on the column.

14
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A.1 E^PEoIMENTAL

The breakthrough tests on the spiked groundwater ( from well 199-H3-2C
and--spiked-t3approximately 800 ppb-,.',-2,000 ppb Cr; and 2200,000 ppb ivD3) were
run to approximately 2,000 column volumes, instead of the test procedure plan
nf-running-#.e br_eak±.hrough Th° change from--the test proCedures ( Beck anu
Delegard 1993) was due to the fact that the Freundlich analyses were not
usable. An alternative method ( "equilibrium testt"- suggested b,vL3na Rray)
used to determine the breakthrough capacity of the column-suqqested that the
number of required column volumes to achieve uranium or chromium breakthrough
would exceed the amount of groundwateravailable for soiking. Two thousand
column volumes is sufficient to demonstrate whether the estimates for
hreakthrollghare real}st?ctind:--in- any casB,- them iS-iilstlffi^iefit sampie to
run a larger number of column volumes through the column. The "confirmatory"
tests on the unspiked samples were run by running all available samples
(welis 199-H4-4; 199-D5-15, and biodenitrified 199=H4=4; 199-D5-15 mix)

^ ••^^mi -â -^ iTiea ' L

-L
ilrough the co liwiw SU'r ing tne effiuent for contaminants. The unspiked

^ groundwaters were not expected to show breakthrough for uranium, due to the
= l-imited --amoutrt-of -sampl-e ( several liters for each), the low concentration of
^ uranium, and the very high DFs of the resin for uranium.

The column volume for all breakthrough tests was approximately 4.85 mL,
which corresponds to 4.18 g of damp, conditioned resin. The term "column
volume" as used in this report denotes the volume of the resin bed, including
interstitial water, but does not include the headspace in the column above the
resin bed. The column volume of 4.85 mL was chosen to give the column a
height-to-diameter ratio of 5 cm to 1 cm, while maintaining a diameter wide
enough to avoid wall effects(ie.,channelingat the wall)-. The tests on
spiked groundwater were run at two different flow rates: - 16 column volumes
per hour (- 80 mL/h) and 27 column volumes per hour (- 160 mL/h). The
approximate value of the flow rate is duetothe--inacrurar.iet of the pump<
used, as these flow rates were very close to the minimum flow rates of which
the pumps were capable. The flow rates were chosen to bracket the
manufacturer's recommended flow rate for Dowex 21K resin. The column was
loaded downflow for all breakthrouqh tests,

The "confirmatory" tests on the unspiked samples were run by feeding all
available samples through the column at the "low" (16 column volumes per hour)
flow rate and measuring the effl-uent -for contaminants. --The unspi-kad
groundwaters were not expected to show breakthrough for uranium, due to the
limited amount of sample (several liters for each) and the very high DFs of
the resin for uranium. Also included in the "confirmatory" category is

-groundwater from welYs i99-H4-4_and-199-U5-15that had been hindenitrified by
using native Hanford microbial populations at Pacific Northwest Laboratory.

To determine actual breakthrough volumes, a very highly spiked solution
(199-ti3-2C spiked to 6;580 ppb chramiw , 5,92"u ppb chromate, 2,840 ppb
uranium, and 194,200 ppb NO3') test was run. This test was run with
approximately -11 L- of s3lution-and -a flaw -rate -of-abott - 16--..-i7liirari volumes per
hour.

_ ..The.flowrateFOr-the-13t.4r..te-sts is quite variable because the metering
pump!!sed_ar-ig-inaldk-qa:it-permanentTy and-the replacc-m€m t peristaltic pump was
set at its lowesi:-setting. No attempt was made to control the effluent pH or
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the temperature, although the temperature was moderated by building heating
and ventilation controls.

To ensure that each actual groundwater (either 199-D5-15 or 199-H4-4)
sample was homogeneous throughout the test, the groundwater which was
contained in several bottles was mixed in the original (as-recieved)
containers.

4.2 QUALITY CONTROL

Method blanks and standards were sent with each batch of samples for
the breakthrough tests. Analytical quality control ( performed at PUREX
laboratory) included standards with every batch run, for all the analyses.
All standards fell within acceptable (±20% relative standard deviation)
limits. No contamination was detected in the method blanks.

c^a^
^

4.3 RESULTS AND DISCUSSION

The value C/Co is a measure of the efficiency of the column in removing
the contaminant ( Table 8). The plot of C/Co versus column volume is most

-r- useful for the high spiked solution, showing that Dowex 21K removes the high
^ concentration of contaminants down to the level of detection for several

hundred _column vol,imes. For the unsp i ked so-e;:ti-0ns-;- the- pl ot of concentrati on
versus column volumes is the most informative; it shows directly the effect of
the actual grvundwater on the c olumn's ability to remove the contaminants to

----- ^" ^ ^ . _ c 1oel'ow >ihe_perrormance-goai_G : lhep!_!1 t- n..f C,/f., n..-v..o r>3 c,-co^umn volumes for
--_-unSp7kedgrounowater can be ronf,sing, d:.^eto the fact--t-b-at- if the original

concentration ( Co) is small, the value of C/Co become's highly scattered
because of analytical uncertainties near the limit of detection. The plot
DjCu versus column volumes is included for comparison purposes only. A log
scale on the y axis (C/Co or concentration) is used to ensure that all data
points are seen clearly, as the concentrations of nitrate and the other
conttimi^ants ofter-d-i-ffer b`ever-•'e ' o- r"^'-e ^rs oby ^^ u f magnttuae.

4.3.1 Low Flow Rate, Spiked Groundwater

The low flow rate, spiked groundwater [199-H3-2C, spiked to Co = 700 ppb
uranium, 1,770 ppb chromium(VI), 2,020 ppb total chromium (chromium by ICP),
and 192,300 ppb NQ3'] results are presented in Appendix G.

ThE data show that even 1,800 column volumes are insufficient to show
- breakthrough--for-u!-anium: --The data appear scattered because of the near-

detection level concentrations and_the-loa scale on the r/ro (y) axis.
Chromium concentrations at 1,800 column volumes are near the performance level
and are o Ty about 3% to 4% of the original concentration. The slight
increase ( from the detection level) in chromium concentration at high column
volumes is consistent with a gradual slope to the breakthrough curve.

Nitrate shows 50% breakthrough at approximately 350 column volumes
( about 1,700 mL), which corresponds to a resin loading of 1.1 meq/mL of wet
conditioned resin. This loading is very close to the theoretical capacity of

1,2 mea/mL for the resin Dowex 21K. The number of column volumes treated at

16



WHC-SD-ER-DTR-001, Rev. 0

L. _I.il. i -

urea^Unrough'
•
^s _corsrsr.ent witn ihai va!ue caiculated from the equilibrium

test data.

The carbonate concentration in this test solution was approximately
115 ppm, assuming that this test solution was identical to a different sample
of low spiked groundwater (with the same contaminant spike level).

4.3.2 High Flow Rate Spiked Groundwater

__-ThQfast flow-test_was performed-or i^tate-r-from-well 199-H3-2C that was
spiked to initial concentrations of 820 ppb uranium, 2,100 ppb chromium,
1,990 ppb chromate, and 212,700 ppb N03'.

The_flow rateaveraged- roughly -two times that of the slow flow test,
-^' while--roughly-the...same--cBncentrat7on of -contamfinantS waS SpTked-into thewell
^ water as for the slow flow tests. The pump essentially destroyed itself

i t
_ _

d{f7iflq the co'u'rSE'Q-fle-t8st; er iing it pfematureIy. The flow rate
inconsi'stencies can be seen in Appendix H.

Chromium showed no breakthrough tendencies during this abbreviated test.

!iranium data show a slightly higher concentration of uranium in the
effluent than the slow flow test demonstrated. This may indicate that the
kinetics of uranium adsorption are slow. However, the uranium concentration
was always below the project performance goal for uranium.

The carbonate concentration in this test solution was approximately
115 ppm [assuming that this test solution was identical to a different sample
of low spiked groundwater (with the same contaminant spike level)].

4.3.3 Well 199-H4-4 Unspiked Groundwater

This (199-H4-4) weil water had an original (before treatment)
,._____i.__^:_ 'r ta. 7_4 nh total rV..-..,..iii..^Lun^.enL[d1.IUno^ ^}Y pp^- UPan-i.uffl, 65.5^1pb.-cn..oma-_^,--.-9. ^--pr., ,..,^111 uniiuui,
and 84,600 pph Nn3

Neither uranium, chromium, nor chromate showed any signs of
breakthrough.

Nitrate broke through (defined as C = 0.5* Co) at 390 or 445 column
volumes, depending on how the breakthrough curve is interpreted. The spike at
390 column volumes could be an analytical outlier or could reflect the actual

--- -- --concentratinn of nitrate.

The carbonate concentration in this test solution was approximately
169 ppm.

The_-graphs anddatrl can be found in Annanriiv H...^^_^.,..,.
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4.3.4 Well 199-D5-15 Unspiked Groundwater

The results of the breakthrough tests with unspiked groundwater D5-15
iwith an original--concentration of 12 ppb-uranium,-1,930 ppb-chromium(Vi),
2,025_aob total chromium, and 49,700 ppb NO3-] are presented below. The data
anj_^r^^F}iral ranreccntuti0n^ of +ti„ ,+^+, for- this test can be found in..r. ^ ^^ ^^ic uc^a

Appendix J.

The nitrate is initially adsorbed onto the column and reaches
hreakthrniigh at about 450 ^^l-mmr^ volumes.

Both uranium and chromium show good retention. Chromium rises above the
performance goal (100 ppb) much sooner ( about 1,100 column volumes) than
expected from the 199-H3-2C spiked groundwater results, indicating some
interference from components in the groundwater. However, 4% is a minimal
(within experimental error) differencein_the c.h,romi-umconcentration. The
decontamination levels are essentiall,v identical, as most of the variation in

Y^ the D5-15 test comes from concentrations barely above the method detection
limit (29 ppb total chromium, 19 ppb chromium +6). Uranium values are highly
scattered, probably because they ( and the initial uranium concentration) are_,_
veryclose to*he deteCtion-lydel.- The carbo nate concentration of this test

r^ solution is approximately 100 ppm...^

4.3.5 Biodenitrified Groundwater

Biodenitrified water, a treated mix (approximately 50%/50%_from wells
H4-4 and "u5-15), had a concentration prior to treatment,of 1,000 ppb total
chromium, 735 ppb chromate, 10 ppb uranium, and10,900 opb NO3-' As shown in
Appendix K, Figures K-I and K-2, this sample is unusual in that nitrate
breakthro u gh occurs at 740 column volumes. Note that the breakthrough volume

------- is only about twice the breakthrough volume of the other tests, which
typically had an initial concentration of nitra.te-nver- 15 times that of the
biodenitrified groundwater. Uranium and chromium show no signs of
breakthrough, the effluent concentrations being at the detection level
throughout the test. The behavior of the contaminants was consistent with the
other tests, given the initial contaminant levels. The flow rate for this
test was quite variable.

The carbonate concentrationof this test solution i s approximately
166 ppm. The biodenitrified water also had a slightly above-background
reading of total organic carbon, which is consistent with the
biodenitrification process.

4.3.6 Very High Spiked Groundwater, Low Flow Rate

The highly spikedgroundwat.erconsisted of water from well 199-H3-2C,
spiked to 6,580 ppb chromium, 5,920 ppb chromate, 2,840 ppb uranium, and
194,200 pb NQ . - The chromium value; are ^;n^irirn„rt„ k;p 3 _.,..,...,,,^,, „gher than the
values reported for chromate. The high concentration of chromium on the anion
exchange resin may be leading to a partial reduction in valance state of
chromate. The chromate never reaches breakthrough (C/Co = 0.5) but does
exceed the performance goals in a relatively small number of column volumes.
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THe-in itlal-tlJ1{ltf^atlv n vf chrommiulil is

expected in 100 Area wells.

L;ran i uT^ does exceed the performanc
throughout the latter half of the test.
be observed. The higher flow rate seems
concentrations in the treated effluent.

three times higher than the highest

a goals for several samples scattered
No discernable breakthrough trend can
to coincide with the higher uranium
It should be noted that the flow rate

is a 5-h average; therefore, the actual maximum or minimum flow rates could be
much higher or lower.

This test demonstrates that Dowex 21Khas avery high affinity for
uranium. The initial uranium concentration of the test solution was about 10
times higher than that expected for actual groundwater. The concentration of
carbonateln the tact s2lution is approxis^ately 115 pDm (aSSllmiAg that the
-carbonate concentration is similar to that of the low spiked groundwater).
Graphs and tables of the data for this test canbe fmund in AYpendix L.

^

4.3.7 Total Alpha and Total Beta Analyses
k`

Total alpha and total beta analyses were performed on a select few
samples, due to the large effort involved in performing these analyses. Total
alnha and total beta are the re-uiator anai ses of concern 1993 ).,.,.. 9 Y Y ( DOE-RL
Samples weregeneratedbycompositi-ng.-- The two sampl-es-of starting solution
were composited together, while the treated effluent samples were generated by
compositing the first half of the same breakthrough run toaethar and
compositing the second half of the same breakthrough run together.

---The total alpha and total beta results can be compared to uranium values
in the appendices for the correspondingbreakthrniigh run. 4«"ptlons can beAssumptions

that all the al,oha activity is due to uranium, while the total beta is
due to the immediate daughter products of 238U (234Th and 23GPa). The uranium
(as determined by fluorescence spectrophotometry) agrees reasonably well with
the value of uranium dPrived from the total--al-pha content.

The most noteworthy item is that all the treated samples were below the
method limits of detection. Because of the very low values of these samples
and counting statistics, the limits of detection ranged from 36 pCi/L -27 ppb
uranium to 25a pLi/L-189ppb uranium for tatal beta and 14 pCi/L- 20 ppb
uranium to 227 pCi/L- 330 ppb uranium. The values for the starting solutions
are given in Table 9.

The fact that the total beta levels for several starting solutio
L

t he
• • ^

z34: :-- 0: `"`a^;.n ne urantur ieveis may be due to the daughters (z 4Th and
Pa) plating out on the sides of the container, or perhaps the assumption of

secular equilibrium is invalid.

.^
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Table9.__Values for Starti-nq-Solstions.

aAssuming all alpha is natural uranium.
bAssuming that the total beta is due solely to 234Th and 234Pa in

secular equilibrium with uranium.

^. ,^amp,r Sample description
T o t a l
alpha

Uraniuma Total
beta Uraniumb

(PCl/L) ( Ppb) (DCi/I) (ppb)

ERK29B1 H4-4 breakthrough test <73 <110 424 308

ERK1961 D5-i5 breakthrough test < 0 <65 <145 <105

ERK31F1 High flow rate spiked 320 470 380 280
H3-2C breakthrough test

ERK3 iLi Icr.;v flow rate sprked 3€0 530 430 320
H3-2C breakthrough test

ERK30B1 Biodenitrified ( H4-4, <165 <240 <230 <110
D5-15) breakthrough test

ERK4161 High spiked-H3=2C 1630 2370 1905 1390
breakthro gh tests

CK31Z1 Cycling test 360 530 <308 <224

The total beta for sample ERK29u1 ( 199-H4-4) is greater than expected,
given the less-than level of total alpha ( and therefore of uranium). This
implies that the total beta value is the result of some beta emitter not
associated with the uranium decay chain. This beta emitter could be
technetium, which is known to be in 100-HR-3 groundwater ( DOE-RL 1993).
Regardless of the identity of the beta emitter(s), the ion exchange treatment
removes it, as the treated water samples for the H4-4 breakthrough test are
belsw tho -limi -r af-detection (<90 pCijL is the highest limit of detection for
these samples).

4.3.8 Common Themes in the Breakthrough Results

The nitrate breakthrough was remarkably constant, given the amount of
variance in the initial concentrations of the various anions. A correlation
matrix was developed that showed no strong correlations (given uncertainties
in the data) hetween-the--nitrate breakthrau,h volume-anc'--aity--independent
variable. The independent variables included the initial con_centrations of
c$rl$ it8, ^ulzai.e, nitrate, and carbonate (as total inorganic carbon). Other
independent variables included the flow rate; the range of the flow rate; the
°av°crage temperature; the range of the temperature; the average pH; the range
of the pH; and the products of the concentrations of carbonate and sulfate,
carbonate and chloride, carbonate and nitrate, and the sum of the concentra-
ti°ns°f carhnnate, c-h-l-0-ride, nitrate, and sulfate. The chloride and sulfate
concentration values were taken from the raw data for ion chromatography (the
metho-d for nitrate), The chloride and sulfate data do not have standards
associated with them-because these analyses were not originally requested.
The strongest correlation that does exist is the negative (R= -0.73, R2=0.53)
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correlation betweenthe init.ialnitrate c^^r°^*-*i on an d -n ^- atean d i ^r
breakthrough.

An interesting feature of the nitrate breakthrough curve is that_the
-nitrate concentration in the effluent-from the column after breakthrough is
higher than the original concentration. The spike in the nitrate breakthrough
curve, where the nitrate concentration exceeds that of the initial
concentration, implies that some mechanism other than simple breakthrough is
taking place. An explanation of this phenomenon could be that another anion
could be "pushing" the nitrate off the resin, so that the nitrate eluted by
the other anion is added to the nitrate passing right through the column, thus
producing_thehump -in the h curve . ^̂̂ ,a^^,-._y^breakthrough_..... ..,.,.^ l tricarbonate anion is
not a likely candidate for the "nitrate pushing" anion, since the extremely

^ni".n ;.. L. , .. _ . .lewamot^tlt-C# U,v. o..^^^ 11 1-̂ ,^e gro'ai^dwater preclud es it from b i nding all acttve
sites on the resin and thereby affecting the other anions. Chromate's

N7 concentration compared to nitrate is so low that chromate probably is not the
responsible anion for the nitrate elution. It is interesting that, despite
the fact that the nitrate concentration in the test solutions varies by a
factor of 20, the nitrate elution varies by only a factor of 2. Carbonate (as

C- E bicarbonate at the pH of these groundwaters) is probably the specie
responsible for the nitrate elution and the odd shape of the elution curve.
Nonetheless, the carbonate hypothesis is not supported by the previously

c'v^ discussed statistical analysis of the data. A possible reason for this is
----- - that-the-earbon-ate concent-ration in all the test solutions (spiked and

unspiked well water) is very similar, destroying any correlation.

•5.0 CYCLING TEST

The primary purpose of the cycling tests is to determine the frequency
and amounts of eluant and washsol-utions needed. These parameters are deter-_- --°- -- -- - _ •mtned by examining the elution curve (concentration of eluate versus columnuuui

volume). The efficiency of washing will also be ascertained. A secondary
- •-goai was to determine if the resin can undergo many cycles of use. To

accomplish this, the column underwent 10 cycles of loading, elution, and
washing.

5.1 EXPERIMENTAL

Thegeneral methorl_used-was that of the test procedures ( Beck and
= nPlPnxrd--1ag3),-except that the sample was ioaded downflow and eluted and

washed upflow. This change was made to ensure that channeling did not occur
in the small- res-iit bed that was used. The test was run for 10 cycles.
Llution and washing for the cycling tests was performed after 19 h of loadinq

--- • , -
------ at-approxtmat_el-y -1.2 mkJ in (15 bed vol/h), a treated water sample volume of

approximately 300 column volumes. Three hundred column volumes was chosen as
the duration of the load'ing cycle, since this is a point prior to nitrate
breakthrough. The solution used is aparoximatelyt.hEsarne concentration as
u$cdi6r-t^ie_Ci__4i wnj ^'a5^_^^^{(eA li1l1 IJ7 aP a^-Z- rr^r.» Ili ^^ 6 esLs loio ppb u, 2,225 ppb total
chromium, 1,780 opb chromium ( vl), 203,000 ppb N03-, and 3,000 ppb Cl ].

^,^^
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The first elution was done at a flow rate that the authors thought was
tno_high the

.. ..< 7l ^^^a^^^ ^^...a _atir.. •, as red the column and had a broad elut i on front. The
experimen'tal-apparatus was also thought to be inadequate, because there was
about 14 mL of deadspace from the top of the resin bed to the eluate catch

_.
b.^.ttlu T6.. t.a.<_- L

- G. (11 0 L uuiny tnacexitea the column was changed from 1/8-in.-ID to
1/16-in.-ID tubing to eliminate 10 mL of deadspace. The elution flow rate was

--- - decreased by a factor of 4(t0 1.25 mL/min)_-to--elimlnat$th?disru^tiv° eFFcCtr,....

of the higher flow rate and allow time for the contaminants to be removed from
the column into the eluate.

An additional step was added to the wash procedure. The pump was
stopped about halfway through the _w_a_s_h anri-thP haa.tr_^;ere allowed to settle.
The pumN was then restarted and the beads circulated throughout the column.
At the end of washing, some density gradients ( indicating concentrated sodium
chloride solutions) were noted for each cycle. Washing does not seem to have
been complete, and some excess chloride appears to have remained on the
column. The final wash fractions were observed to be colorless, or very
lightly colored. The wash flow rate for all cycles through 10 was
approximately 9 mL/min ( upflow).

Cycles 2 through 10 were run with the changed apparatus and flow rate.

The eluate was gathered as one sample (- 22 mL) for cycles 2 through 9.
The wash was also gathered as one sample (- 20 mL) for cycles 2 through 9.
This is in contrast to the first and tenth cycles, in which the eluate was
split into 10 (- 2 mL) samples and the wash was split into 4 (-5 mL) samples.
This wasdnne to- minimize thenumber of samples submitted, maximizing
analytical turnaround tim,e,

5.2 RESULTS

The results of the cycling tests ( see Appendix M for tables and graphs)
are broken_up by t,vpe of sampl-e-,-i:a.-, treated effluent or eluate or wash.- - -
The reason for this is the widely differentconcentratitins for the different
typ-es of samples. It should be remembered, however, that the chronological
order of the samples is "effluent," "eluate," and "wash," followed by the next
"effluent" sample for the next cycle. The eluate and wash graphs are
presented as a line graph, so each point is one analysis ( of duplicates). The
eluate and wash data points are in the order generated. The XY method of
plotting versus column volumes would have bunched up the first and tenth cycle
results; so a line graph was used. Because the effluent concentrati-on_granh
is-presented as arrXY graph, some closely spaced duplicates may appear to be
one point. The effluent_data are plotted -versus the-tota}-number of column
volumes of spiked 199-H3-2C run through the col u mn.

5.2.1 Treated Effluent

The contaminant concentrations in the test solution after ion exchange
treatment (hereafter referred to as "treated effluent") are below the perfor-
mance goals, except for uranium for the-last_eiahtryFlec, The spike seen in
the total chromium data at about 600 column volumes is considered to be an
anaiytical outlier, as the chromate data do not show this drastic increase in
the concentration. The value of the outlier is one order of magnitude higher
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^•,

than the surrounding vaiues, leading to the conclusion that these points are
outliers. Nitrate concentrations are all below the performance goal. A small
upward trend in nitrate concentrations may be evident in the last two treated
effluent samples, but the data are not clear. Both total chromium and
chromate are well below the performance goal, with a possible downward trend
near the end of the test.

Uraniwm was not completely removed from the test solution for cycles 3
through 10. Some samples of treated effluent water contained as much as
100 ppb uranium. This could be caused by either the wash being incomplete or
uranium flowing directiy into the effluent sample bottle upon the start of
sample loading. This hypothesis is supported by the presence of significant
quantities of uranium in the last wash samples.

The upflow wash method, which stirred the beads in the column, could
have deposited beads incompletely stripped of uranium close to the bottom of
the column. Beads at the bottom of the column could have released uranium
into the treated effluent, without the benefit of beads below them to readsorb
the uranium.

Alternatively, the column simply was not adsorbing a portion of the
incoming uranium from the test solution bottle. A small fraction of the anion
exchange sites could be those specific for uranium binding, and this small
fraction co;:ld be-overloaded; leavi-ng-sites more weakly bindtng for uranium.
Th i s

_aL • • . .. . .s hypo^nesis Is not supporied tiy the preakthro ,h tests, because the total
amount of uranium adsorbed during the breakthrough tests was much greater than
the amount run through during a few cycles of the cycling test. However, this
hypothesis is supported by trending and consistency of the concentration, as
the washing process would not likely be that consistent.

Another explanation would be the formation of UOZCIZ, a highly soluble
neutral compound, during washing, by chloride displacement of carbonate from
the uranyl triscarbonato anion.

Despite the above performance level concentrations of uranium, it should
be_noted that the method always removed six-sevenths of the uranium in 676 ppb
vram -;nrs-ptked-groundwater. Given the typical uranium concentrations in
act.u.a1. Hanf9r.d-5ite a oundwa.tgr-.C<1 4n-

h; a ^°-^; (,^ R$r .,, s 52vet^7; nf the
uranium wouid meet_the performance goal for :raniArm--used in this report.

5.2.2 Eluate

The elution of chromium (total and chromate), uranium, and nitrate is
accomplished by the introduction of a 4 M sodium chloride solution onto the
column bed,

Gsntamin^r.t -concen+r-at;ons in the eluate are typicaiiy several hundred
thousand ppb c1hrromium;-ten-mi}1-ion ppb nitrate, and thirty thousand ppb
uranium. The initial breakthrough of the contaminants is followed by the
appearance of chloride in the eluate. This behavior of the chloride concen-
tration is expected, as the chloride must displace the contaminants from the
resin before the chloride itself dilutes.
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The average percent recovered (based pn the amount l.oaded during each
cycle and ignoring any residual) for the 10 elutions is 74±49% of the uranium,
99±66% total chromium, 94±37% chromium (VI), and 71±42% nitrate. The
uncertainties are given as the 95% confidence limits. The high uncertainties
in the percent recoveries are largely due to the low recovery during the first
cycle.

5.2.3 Wash

The contaminant concentration in the wash was significantly lower than
in the eluate. The contaminant concentration did not reach a level comparable
to the original test solution, even during the final wash sample. This indi-
cates that the elution was not complete. The chloride (the eluant) concentra-
tion was not reduced to near zero, indicating that the wash was not entirely
successful. However, despite the incompleteness of the elution and wash, the
contaminant level in the treated effluent is quite low, as previously
discussed.

The average percent recovered ( based on the amount loaded during each
cycle and ignoring any residual) for the 10 washes is 18±32% of the uranium,
16±33% total chromium, 13±29% chromium ( VI), and 20±31% nitrate. The uncer-
tainties are given as the 95% confidence limits. The large uncertainties are0•,
probably due to the high recovery values for the first cycle, as the contami-

-.-.-- ---ran'}•,^ i^U`L--i"e-EStiEd A•1-;±h +he ei'u'ate ^^bieed°-over lnto the wash portion of the

cycle.

5.2.4 Common Themes

Statistical analysis ( a correlation matrix) of the whole cycling test
data set revealed strong_ correlat'lons between th.p tonrenrrations of the
contaminants. No strong correlation between the contaminant concentrations
and chloride (the eluant) concentration is seen. The lack of correlation
between the eluant and contaminant concentrations could be caused by a number
of factors. The treated effluent concentrations of all the species of
interest were steady throughout the tests. The chloride concentrations would
be expected to lag behind the contaminant concentrations, as chloride would be
adsorbed on the resin as it displaced the contaminant.

The average total ( eluate and wash) percent recovered ( based on the
amount loaded durinq each cycle and ignoring any residual) for the 10 cycles
is 92% of the uranium, 116%- total_c.h.romium, 107°i^ chromi^m (VI), and es%
nitrate. The uncertainty in these numbers is roughly equivalent to the
uncertainty in the corresponding eluate and wash values.

6.0 DISCUSSION AND CONCLUSIONS

This section gives conclusions from
for the groundwater treatment method. The
radionuclide to be treated are discussed.

--- -- --iriCl'u'ded irY `i. he tESts) IS discussed, with

the tests and presents suggestions
reasons uranium was chosen as the
Technetium removal (which was not

references to the literature.
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6.1 URANIUM

Urdnl-Um_wdS-C11oseRdS the-.radioAUcTide(s)tDbet?S-ted for removal from
Han'rord Site groundwaters. Although by itself it is not a contaminant of
concern (nUE R61993,-Sec-t-iwr :. 3), uranium ii a contributor to both the gross
alpha and the gross beta. The uranium contribution to the gross alpha
activity i s primarily by way of 23 flU and 234U ( about 98% of the activity of
natural uranium). Uranium contribution to the gross beta activity is by way
of the 238U daughter products, Z34Pa and 234Th. The combined activity of these
two-daughters is -twice that-of the-2381-I parent, which means that their beta
act^vity is compa'rabie ( in the number of decay events) to the uranium alpha
dctivity. Removing the uranium parent also removes the daughter product
activity, after the daughter products already formed have decayed away (a
process that takes about a half of a year) ( Negin 1990). Therefore,
decreasing the uranium concentration in the groundwater will have a signi-

r°~_ ficantimpact-on gross alpha and_beta levels and wi,ll, i n most probability,^-_
bring them within performance limits.

6.L '1El.l'IIYEI Illl'I

---~`-,^ Technetlum.was notchQ$FR aS arartinnJiCI ide to he +o^+-.^ for, removal .-- -
P^ Although it is present in the groundwater, technetium contributes

approximately 6% its beta to the gross beta measurement. This is due to the
-- --------- Te^=^yv-Kcta th t IL a rvduce5. The proposed limit from the

U.S.fEnvironmental^Protection Agency, July 18, 1991, Federal Register
( Vol. 56, No. 138, p. 33120) for 99Tc_is 3,790 oCi/L ( 4 mrem/year exposure)
for groundwater. However, the suggested anion exchange remediation technique
may-alsowork- for this radioR3r:l-lde,--srnc2 tecliietium i s in the form of
pertechnetate (TcO4-) in many groundwaters. This idea is supported by the
literature ( Del Cul et al. 1993, Anders 1960). Both sources describe the
adsorption of technetium ( asperterhnatate) to strong base anion exchangz
resins of the quaternary ammonium type as being very tight. Elution of
pertechnetate anion from these resins is only accomplished by hiqh concentra-
tions of powerful eluants ( such as perchToric acid) (Anders 1960) and/or
reductants ( Korkish 1989, p. 19). Given these properties of technetium, it
may prove possible to elute nitrate, chromium, and uranium from the resin
while rPLaiuir.g tec!:^aY;um. Thp l em^va' Of technetium tould be an added value
to using the anion exchange method. Del Cul et al. ( 1993) also describe the
use of iron fillings to reduce and precipitate technetium, but state that the

------- speed- -of-techneti-rrn rertava, rs slow in very diiute- (groundwater) type
solutions.

6.3 BATCH TESTS

6.3.1 Precipitation Methods

Neither precipitation method (sodium sulfide/ferrous sulfate,
phosphate/calcium chloride) is suitable for the purposes of this project,
since neither removes both metals (uranium and chromium)._ - However, the test.
procedure -(Beck and Delegard 1993) states that one of the precipitation
methods will undergo confirmatory testing. Other researchers worked on
optimizing (Duncan 1993) the use of cation flocculating agents with these
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precipitating agents and additional precipitating agents as well. Because the
work specified by-Dur.can (1993) is a complementary effort to the work planned
in Beck and "ueiegard (1993), no further work was done in this area by the
principal investigator. This change in work scope was agreed to by the
customer. The difficulty of removal of the precipitants and prelimary
calculations of the cost of sludge disposal resulted in the decision to
terminate further tests of the precipitation methods.

From the precipitation bench-scale tests, the following was determined.

• Physical Conditions-- The samples were tested at ambient
^l di^ ^^r:d_tem..neratisre and -pH.-- -T. ? -ferroUS -sUl-fat^7s-o^ 1i,m- ^u i i i ue and the

-----------phasphate/caicium chloride tests had -little effect on the final ph
of the solution. The ferric chloride did change the pH 0.9 units
for well H4-4 and 1.3 units for well D5-15. This would be
expected since the iron is in the plus three valance state and

`•^z would attract three hydroxyl units and thus decrease the pH (see
-- "' Secti^uii 2.4 and Appendix C-1).

`_'-; • What is the 0 timum Removal Chemistry--cI._ P
I -- For the sodium sulfide and ferrous sulfate tests, the sodium
" sulfide was introduced to the test solution to obtain a final

concentration of 12 mg S-Z/L. The ferrous sulfate was introduced
to the test solution to obtain a final concentration of 9.9 mg
Fe'Z/L.

For the phosphate/calcium chloride tests. the sodium hydrogen
___ phosph^+^ in*roduce_d to the test solution to obtain a final

concentration of 5,550 mg HPO4Z/L. The calcium chloride was
added to obtain a final concentration of 92 mg Ca'Z/L (to include
the amount of calcium present in the solution).

For the ferric chloride precipitation tests in conjunction
with the polymeric flocculent aid, CAT-FLOC L, the ferric chloride
was added to the test solution so that the final concentration of
iron was 30 mg Fe«3/L and the CAT-FLOC L introduced (see
Sections 2.2, 2.3, and 2.4).

• Reaction Rates--The rates are reported in Table 6. As may be
determined from the data, a curvelinear response is given.
However, the flocculent fell over 9 in. withir. 10 minutes. The
resulting sludge_was_stable and easily dewaterable.

.,:_ Leul^ 1 . a nd
n .. _

u't--- -- - -• Effects of Feed 6ar^li^y ana rresence of her Contaminants
(such as nitrates)--The feed of the chemicals followed standard
water treatment practices ( Hudson). Nitrates did not show any
nterference wi-t, the oaetiTat: jo^;'prec;p,•.•,.,,. :c,t, See

Section 2.3).

• Biodentrification Process Interference--Due to the process of
reduction/precipitation adding chemicals to a treatment train,
biodenitrification would accur-asthe last step.
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"rerfermance-Leveis for Chromium and Radionuclides--Removal did not
demonstrate the efficacy that was required or that demonstrated by
the ion exchange (see Sections 2.3 and 2.4).

6.3.2 Anion Exchange Resins

As the anion exchange resins were evaluated_ asa standal-ane treatment,
Dowex 21K was used for confirmatory testing and cycling tests. The lack of

___intera^tinn ^f nitr^̂ t -̂ I^^^^_+ +L _ _..j F
••

... ._.- _,.,,,.,.. ^cn^cu^ 6n
-

e pfouUCL OT th e nitrate and resin concen--
- _- i.ra^3n^^• s22 ^n.,a.,r ^--•.•_^ 51 waŝ an added attraction to the use of Dowex 21K.

---Frtoa the anion exchange resin evaluation, the following was detPrmined.

• Pretreatment Requirements--There were no pretreatment requirementsCY identified in the treatability tests. In the field, it is
recommend2d that a prefiiter (such as a spiral wound.

• polypropylene, 5-micron nominal) be used before the ion exchange
unit to filter out extraneous material (well casing material,
etc.).

• Dptimum Resin for Site Contaminants---From the results of the^,..,
+. ^.;,,+.. ^--2ataUltILy Lesls, the resin that was found to be most
efficacious was the Dowex 21K, a strong base anion exchange resin.

• Effect of Resin Loading on Contaminant Removal--A synopsis of
results reported elsewhere ( Sections 3.1.3, 4.3.3, and 4.3.4),
indicate that

No breakthrough was observed in well H4-4 ( except for
nitrates at 445 CV); the concentrations introduced were
nitrate at 84,600 ppb, uraniilm(VI) at 49 ppb, chromate at
65.5 ppb, and total chromium at 79.4 ppb.

For well 05-15, the concentrations introduced were nitrate
at 49,700 ppb, uranium (VI) at 12 ppb, chromate at
1,930 ppb, and total chromium at 2,025 ppb. Breakthrough
Was observed at 450 CV for nitrate and 1,100 CV for
chromium. The chromium was introduced at 2,025 ppb and
trreakthrough-accurred at 100 ppb. Therefore, 1,925 ppb was
taken up by the ion exchange resin. The test ion exchange
column was approxi,;,ately 1 mL of Dowex 21K resin. The
density of the Dowex 21K resin is 43 lb/ft3 or 689 mg/mL.
The capacity of the resin for D5-15 translates into
1925 µg/mL divided by the resin density, which yields
2,79 Ag chromium p°cr miil i igr am of resin.

• Effect of Multiple Cycles on Resin Life--No degradation of the
resin was noted on the resin life (see Section 6.7).

• Quality of Effluent Produced--During the multiple cycles, the
contaminant concentrations are-belowthe performance goals, with- --the exception of uranium (VI) for the last eight cycles (see
Section 5.2.1).
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• Composition of Regenerate ( Including Rinse) Produced--The ion
exchange is eluded by the introduction of 4M sodium chloride onto

--the column bed. Thp-contaminate--eflnc-eni:ratiUns in the eiua'te are
typically several hundred thousand ppb chromium, ten million ppb
nitrate, and thirty thousand ppb uranium. The rinse (wash)
contained contaminant concentrations that were significantly lower
than tie vaiues found in the eluate ( see Sections 5.2.2 and
5.2.3).

• Volume of Regenerant (Including Rinse) Produced--The resin is
eluted with 4 to 5 CVs of 4 M sodium chloride. The rinse (wash)
produces one to two column volumes of liquid. It should be noted
here that both the eluate and the rinse will contain uranium (VI)
and is a mixed waste.

6.4 FERRIC CHLORIDE/COAGULANT AID TESTS

It was beyond the scope of this effort to optimize the parameters of
ferric chloride/CAT-FLOC to the-cQntaminants nf-r_on-cern. --P,ather, it was to
demonstrate the efficacy of ferric chloride along with a polymeric flocculant
aid in removing uranium (and to thereby reduce gross alpha and gross beta
counts) and chromium.

The gross alpha and gross beta counts have shown an increase in the
flocculant as opposed to the filtrate. The values were at detection limit;
strong conclusions should not-be readily arrived-at,--except that there
appeared to be an effect.

The uranium showed mixed results between D5-15 and H4-4. On sample
D5-15, the gross beta appears to have been concentrated (filtrate to
flccculant), while the uranium does not appear to have been affected.
H wev?r,-cn ampie 44-4, the uranium appears to have been concentrated in the
fiocculant.

Overall, the ferric`chloride appeared to have the effect of
concentrating the uranium (cnromiumjs yetto be determined). The CAT-FLOC
enabled the ferric chloride pin-floc to precipitate and clarify the water.
The sludge produced by the ferric chloride/CAT-FLQC_combi-natinn -appears to
dewater effectively.

The combination of ferric chloride and a flocculant aid (such as the
CAT-FLOC) is an efficacious methodology in the treatment and clarification of
graundwater with similar atrices.

6.5 EQUILIBRIUM TESTS

These tests showed that the adsorption potential of Dowex 21K for
uranium and chromate was far higher-than_-the-amount of-groundwater-avail-able
for spiking. The resin adsorbed uranium and chromium far more strongly than
it-did nitrate. These tests clearly showed that nitrate would be the limiting
factor in the use of the resin.
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6.6 BREAKTHROUGH TESTS

Dowex 21Kshows very hi-ghaffinityforuraniumand-chromi;.^m and a
substantial affinity for nitrate. The nitrate loading on the resin varies

-- ---- -----from s1CSe to thc the0rBt9Ca1 i0ddlrg capacl`[y OT the resin to much less.
Nitrate adsorption seems to be-governedb_v the oresence of other (non-chromium
or uraniu ) anions. Regression analysis of the breakthrough volumes versus
the initial concentration of nitrate, sulfate, chloride, the pH, and the
product of the concentrations of nitrate and sulfate was performed. No signi-
ficant relationship between the breakthrough volume and the other variables
could be determinFd. The anion most likely to be the cause of the nitrate
breakth_r_ough volume is bicarbonate, which -it known to be the dominant anion in
Hanford Site groundwater. The nitrate loading had no effect on the adsorption
„f rti^„m;llm m

^
-_--0.7- ;II.LINIa IGJIJ

.,.^ The cycling tests demonstrated that chloride partially elutes the
°-.JC0fltamin.dntcDfjnlPrest,..-ND d?nr3d-at10n--Cf-th2-i'E-S-ift--Or its performance was

-:-_° -^oted-(except in the tase of uraniu,;, removal). The amount of eluant solution
and wash-seaution-dees not ^em sufficient to coi,pietely strip the resin of

----'^'t'?------ contam7RaiFts-:-Re'rformancegoais were met for nitrate, total chromium, and

chromium (VI). The performance goal for uranium was met for the first two
cycles. The failure to meet the performance goal for the last eight cycles
may not be that serious, because Hanford Site groundwater typically has less
than one-eighthoftheconcentration of uranium. in the test sol,,:tion. The
high number of column volumes (<2,000 for chromium and uranium) treated, which
is a measure of cleanup efficiency, should also be noted.

6.8 RECOMMENDATIONS

The resuTts of this series of tests suggest that the most efficacious
method for removal of nitrate, chromium [as chromate, chromium (VI)], and
11ranium is an;on exchange with a strong base ion exchange resin.

L'oading of-the contaminants onto t he resin and disposing of the resin
may be the most cost-efTective means of removing chromate and uranium from the
groundwater. This approach would also be the best method for technetium
removal due to the difficulties in eluting technetium.

If nitrate removal is desired, loading of the contaminants onto the
resin column followed by elution of the contaminants from the resin and reuse
of the resin would be the best process.

_From-t-he-;-esins tested; Dowex-21:K-has-been demonstrated to be a strong
candidate for pilot-scale testing. The Dowex 21K was orginally developed for.
theacidmine tail,n^ys associateduithpran5umminina,

_
i.na concentrations

encountered were much higher than that encountered in the Hanford groundwater.
Therefore, much of the information that was obtained from Dow Chemical Company
was directly related to the uranium mine tailings for uranium recovery.
Experience with Dowex 21K indicates a stable resin with a long service life
for the uranium mining industry.
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A field pilot-scale ion exchange unit using Dowex 21K resin is
recommended. The suggested unit would entail the following:

Specific issues that should be studied during the pilot-scale operation
would include confirmation of the amount of column volumes to attain the
performance levels for chromium. Also, a total water analysis should be
completed on both the influent and effluent (hydraulic residence time taken
into consideration) on either a monthly or biweekly time table.
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APPENDIX A

CONC'eNTRAT10N VALUES ANALYTICAL BLANK AND SAMPLE 199-H3-2C
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t°...

'N;--

.^^ -
.. -_. . .

- Table A-1,- Analytica} Blank Vaiues.

q ..̂a.. l^to^,.^

Concentration (in
YY., U1i1c» vunciwiSe

specified)

Cr6 <56.7

u <4.73

TIC 48000

TOf. Fnnn

F- <100

CL- <100

N02- < 1 000

N03- <1000

pV4 - <iUUU

S04 <1000

Al <51

As - 50

Ca <5

Cr <15

K <275

Mg <3

Na 44

P <70

S <39

Si <34

Sr <3

V <11

W <36

c-1
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Table A-2. Concentration Values for
199-H3-2C. (sheet I of 2)

Anaiyte
Concentrations (in

ppb unless otherwise
specified)

Cr+6 70.2

Cr+6 70,2

pH 8.3

pH 8.25

TIC 35000

TIC 38000

TOC <5500

TOC <5500

TOT-ACT <50000 pCi/L

U 5.59

U 5.59

F- 319

F- 306

CL- 2960

CL-. 3D58

NO2- <1000

N02- <]000

1103- 3974

N03- 4040

pn4- <1000

P04- <1000

S04- 20933

cna- i 21169

B 10.9

Ba 10.4

r Ca 24200

Ca 23800

Cr 27.2

K 4590

K 4650
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Table A-2. Concentration Values for
199-H3-2C. (sheet 2 of 2)

Analyte
^

Concentrations (in
ppb unless otherwise

specified)

Mg 8650

Mg 8490

Na 131

Na 12900

p 91.8999

P 86.7999

S 7150

S 7050

Si 27400

Si 26900

Sr 172

169

V 27.9

V 33.1

W 67.7999

W 1 66.0999
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APPENDIX B

FILTER METHOD TEST DATA

^
^

r,d
>`•`^

Q ^
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B-2



;̂
^ ^ ^ Ee

r (t{

/.^t ^M1.i/^

a^

w

U tf l
Total

ch i C (VI NlSample # U after o a rom um r ) after N03 after p a
f
er

test chromiurn after test test test
test

EFODl101 786 737 220 90 204 222 191) 193 7.38 8.03

EFOS1101 524 714 222 242 204 224 197 190 7.29 8,.05

NOTE: All values are given in parts per billion and are not rounded.
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W ^
. ^

0
T m
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Z ^
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APPENDIX C

RAW DATA FROM THE SODIUM SULFIDE-FERROUSSULPHATE_PRECIPITATION
BATCH TEST AND

E_as
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C-2



/v^Fe r .1+)

Cl

w

^-

SAMPLE ^ U
U after
test

--
1btaL

chromium

-

Total
chromium
after
test

-

Cr1:VU
Cr(\/l)
after
te'rt

_

N03

^

N03 after
test

H
p

I
pH after

test

E85D2401 52 ND 2000 172 1925 19.4 6257 6068 8.41 8.74

. E0552401 52 ND 2000 2711 1925 19.4 6257 6115 8.39 8.77

E85D2301 32.8 19.7 1895 44 1865 19.4 192800 188200 8.4 8.69

E0552301 32.8 40 1895 11ti 11365 19.4 192800 182200 8.4 8.32

IEBSD2201 504 ND 1920 2111 2050 19.4 6519 6305 . 8.33 8.32

EB552201 504 714 1920 2466 2050 ND 6519 6317 8.5 8.35

EBSD2101 536 679 1895 17E 2050 19.4 195750 193500 8.49 8.38

EBSS2102 536 ND 1895 35 2050 19.36 195750 189200 8.55 8.32

EBSD1801 37.45 43.3 75.99 22 81.6 19.4 70130 6890 8.35 8.44

EBS51801 37.45 44.1 75.99 31 81.6 19.4 70130 6750 8.06 8.48

EBSD1701 126.2 47.4 79.49 22 82.29 20.7 187600 194100 7.81 8.29

E8551701 126.2 43.8 79.49 22 82.29 20.7 187600 195200 7.83 8.27

E0501601 613.5 2112 80.5 22 79.5 22 6653 13290 8.16 8.63

E8551601 613.5 4.69 80.5 21 79_5 20.7 6653 6550 8.05 8.58

EBSD1501 536 526 73.99 16 83.65 20.7 185750 197700 7.81 8.51

EOS51501 536 235 73.99 11 83.65 19.4 185750 207300 7.82 8.62

NUItJ:

1. AEl values are given in parts per bitlion and are not rounded.
2. ALl "0" values are due to insufficient sampLe and were not used incalculating DFs.

^
N

^

t^

zt
a

C7
a

a

^

o
3 n

o
a c

cT'
^ zl

N O
C -I

o•
n °
m J

Z
O
C ^

N
C

^

d

m

w

n

--i
N
^
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^



c-^

A

q ! ^ t̂ (

Sample p U
U after

test
Total

chromi^un

Total
chromitm
after
test

r(VI )O

Cr(VU
after
test

N03
NU^ after

test p8
H after

p test

'EBPD2401 52 3.7 2000 1980 1925 1720 6257 5 1 30 8.39 10.28 1

E 0P52401 52 ND 2000 1980 1925 1740 6257 50 70 8.41 8.2

E8PD2301 32.8 21.4 1895 1920 1865 1660 192800 t725'00 8.4 7.69 '

EBPS2301 32.8 4.76 1895 1920 1865 988 192800 1'87000 8.4 7.72

E8PD2201 504 52.9 1920 2250 2050 881 6519 5300 8.33 7.71

EDPS2201 504 <32.3 1920 2120 2050 1680 6519 5440 8.5 7. 74

EBP02101 536 4.81 1895 2050 2050 1620 195750 1830 •00 8.49 7.66

EBPS2101 536 4.17 1895 1990 2050 1600 195 750 1868 00 8.55 7.54

EBPD1801 37.45 20 75.99 83 81.6 55.8 70130 577 00 8.06 7.69

EBP51801 .37.45 ND 75.99 78 81.6 35 70130 47600 7.81 7.72

EBPD1701 126.2 ND 79.49 Nb 82.29 48 187600 111 75000 7.83 7.71

IEBPS1701 126.2 ND 79.49 56 82.29 42.8 187600 1831000 8.16 7.74

ISBP01601 613.5 ND 80.5 106 79.5 44.1 6653 5000 8.05 7.66

LBPS1601 613.5 ND 80.5 155 79.5 46.7 6653 51i10 7.81 7.54

EePD1501 536 <21.7 73.99 234 83.65 45.4 185750 1590000 7.82 7.65

EBPS1501 536 3.23 73.99 174 83.65 44.1 185750 18670170 8.06 7.65

NOTES:
1. All values are given in parts per billion and ore not rounded.
2. All "ND" ( No Data) values are due to insufficient sample and were not used in calculating DFs.
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Table C-3. Raw Data from the Phosphate Scoutiing Tests
- - -

(Phosphate Treatment Without Added Calcium Chloride).
Total

U after chromium Cr(VU
N03 after pH Treatment level

Sample # test af ter
after

test
after (m9 Na2HP04/L

estt
test test solution treated)

EBT1101a 716 189 186 186000 7.4 ` Standard
No treatment

EBT1102a 110C 202 196 189000 7.3 ' Standard
No treatment

EBPS1101 1080 206 149 186400 7.8 423

EBPD1102 314 206 175 191000 7.8 423

EBPSiiO2 794 202 178 190000 7.6 84

EBPD1102 1210 198 170 188000 7.6 84

€P"eS 1103 ---857 198 - 5b9 1-8$Ot0 7.6 17

EPBD1103 722 203 171 188000 7.6 17

EBPS1104 1130 205 169 162000 7.6 3.4

EPBD1104 639 200 169 185000 7.6 3.4

bDuplicates of standard solution used; only one solution used for scouting tests.
Mislabeled; should be EBPD1101 (per notebook (Beck 1992]).

C-5



WHC-SD-ER-DTR-001, Rev. 0

r c- ^-^



l,'HC-SD-ER-DTR-001, Rev. 0

cooEunTy D

RAw D"nTn FROM nrii0ri RES1F1 BATCri TEST$

^-a

C(,

D-1



WHC-SD-ER-DTR-001, Rev. 0

D-2



w

Resin: Concentr•aticSns (iia ppb) of contaminants before and after treatment with Dowex 21K
Dowex 21K . resin ^

^ Total
Cr(VI) N03

Grams

Sample #
U

after
Total chroanium

Cr(VI) after N03 after resinl
original test chromium af;ter test teslt per 30 mL

test solution

EBKD 1801 317.45a 4 75.99 12.7 81.6 19.4 70130 2881 1.2067

EBKS1801 37.45 6..67 75.99 112.7 81.6 19.4 70130 2881 6.0379

EBKD1101 126.2 26.3 79!49 12.7 82.29 19.4 187600 7246 1.2023

EBKS1701 126.2 NDb 79149 1.2.7 82.29 19.4 187600 . 3140 6.0043

EBKD1601 613.5 31.3 80.5 12.7 79.5 19.4 6653 . 2881 1.2144

EBKS1601 613.5 21.7 80.5 12.7 79.5 19.4 6653 . 2881 6.0387

EBKD1501 536 ND 73.99 12.7 83.65 19.4 185750 7741 1.2104

EBKS1501 536 ND 73.99 20 83.65 19.4 185750 2881 6.0008

EBKD2,101 52 4 2000 12.7 ' 1925 19.4 62 57 288 1 1.217

EBKS2401 52 7.14 2000 32 1925 28.5 6257 2881 6.021

EBKD2301 32.8 3.85 1895 12.7 1865 22 1132800 7830 1.2076

EBKS2301 ' 32.8 7.14 1895 30 1865 20.7 192800 3500 6.0495

EBKD2201 504 4 1920 12.7 2050 19.4 6519 2880 1.2142

EBKS2201 504 7.14 1920 31 2050 19.4 6519 2880 6.0143

EBKD2101 536 2.62 1895 18 2050 19.4 195750 7630 1.2084

EBKS2101 536 5.56 1895 40 2050 19.4 195750 3440 6.019

NOTE: "0" values were used to determine the linear regression coefficients.
,All values are given in parts per billion and are not rounded.
bAll "ND" (No Data) values are due to insufficient sample and were not used in

calculating DFs.
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^`Ibdi

402 resin Concentrations ( in ppb) of contaminants before and after treatment with
Amerlite 402 resin

Sample N` U
U

after
test

Toitall
chromiuim

---

Total
chromium

after•
test

Cr(VI)
Cr

( VI)after
test

N03
N03
after
test

grams
resin

Per 30 mL
sol u t ion

EB2D1801 37.45 '2_0a
-+ -
75.99 12.7 8 1. 6 19.4 70130 2880 1:,2012

E8251801 37.45 5.26 7 5.99 12.7 81.6 19.4 70130 ND 6 .014

E:82D1701 126.2 3.57 79.49 12.7 82.29 19.4 187600 25780 1 .20 4

E8251701 126.2 4.75 i79.49 1 2.7 82.29 19.4 1876(10 21380 6:0254

E82D1601 613.5 3.33 i 80.5 12.7 79.5 9.4 6653 2880 1.2067

EB2S1601 613.5 4.35 80 . 5 12.7 79.5 19.4 6653 ND 6.0228

E62D1501 536 3.33 73.99 12.7 83.65 19.4 185750 30660 1.2071

E8251501 536 4 73.99 12.7 83.65 19.4 185750 27410 6.0184

EB2D2401 52 ND6 2000 23 1925 19.4 6257 ND 1.1999

52S2401 52 ND 2000 155 1925 101 6257 ND 6.0592

EB2D2301 32.8 ND 1895. 39 186 5 22 192800 37140 1.2101

E 252301 32.8 20 11395 173 1865 130 192800 30040 6.0055

E 2D2201 504 20 1 920 38 2050 19.4 6519 2880 1.2024

EB2S2201 504 ND 1920 155 2050 109 6519 ND 6.0034

E1B2D2101 536 22.7 1895 52 2050 23.3 195750 43780 1.2013

E8252101 536 3.91 1895 59 2050 122 195750 40050 6.018

NOTE: "ND" values were assumed to be 0 in determining the linear regression
coefficients.

'All values are given in parts per billion and are not rounded.
bAll "ND" (No Data) values are due to insufficient sample and were not used in

calculating DFs.

-i
a^
^

N

^

f
0
a
^

a
v
^
^

m

0
N

0

m
x
n

^
m

W
w
^
n
s

--^ro^̂-«

E

^

^

0
^

0
0

m
<

0



cJ

un

Resin
Amberlite

410

----t--------
Concentrations'(in ppb) of contaminants before and after treatment with 410 type resin

Sample # U
U

after
test

Total
cihromium

Total
chromium
after
test

Cr(VI)
Cr(IV)
after
test,

N03
P403

aj=ter
test

Grams resin
per 30 mL
solution

EB1D1801 37.45a 4 75.99 112.7 81.6 19.4 70130 2881 1 . 2132

EB1S1801 37.45 4 75.99 . 12.7 81.6 19.4 70130 2881, 6.0343

EB1D1701 126.2 3.85 79.49 . 12.7, 82.29 19.44 18-7600 17600 1 . 1073

EB1S1701 126.2 4 179.49 12.7 82.29 19.4 18•7600 13040 6.0371

EB1D1601 613.5 4 80.5 12.7 79.5 19.4 6653 2881 1.2018

EB1S1601 613.5 4 80.5 12.7 19,5 19.4 6653 21881 5.9981

E81D1501 536 4 73.99 12.7 83.65 19.4 185750 15910 1.2046

EB1S1501 536 5.24 73.99 12.7. 83.65 19.4 185750 11350 6.0153

EB1D2401 52 4.76 20 0 0 2 9 1925 19.4 6257 2881 1..226

EB152401 52 4.76 2000 41 1925 19.4 ;6257 2881 5.966

EB1D2301 32.8 4 1895 25 1865 19.4 192800 24320 1.202

EB152301 32.8 4 1895 47 1865 19.4 192800 15910 6.092

EB102201 504 4 1920 2 4 2050 19.4 651 9 2881 1.198

EBIS2201 504 20 1920 35 2050 19.4 6519 2881 5.986

EB1D2101 536 3.7 1895 23 2050 19.4 195750 17960 1.2118

EB1S2101 536 3.57 1895 37 2050 19.4 195750 13810 5.988
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'All values are given in parts per billion and are not rounded.
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APPENDIX E

REGRESSION COEFFICIENT VALUES FOR ANION EXCHANGE METHODS
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W

Depeodant R2 Cnnstanl U
Total

variables ' chromrum
NG.3 Resinin U'Cr U"N03 U'R Cr'N03 Cr"R I1103'R-Z-]^-1--ZS- EII:^-^ -

Dawex 21 K

Cr14'll 33°,6 1.97a+01 - ,- --_ .2,57e06 - - - , 3.35c,-04 -

NO3 94% 2.62e+09 - i J.IOe 02 - - - -- - -- -74 GOc03

u ... 9.21e+0CI

Totalchrnmium 96% 1.13e+01 - - 1.9/e-03 - 577e-08 - - 2.O7e-03 -

P.mberlile 402

-- -CqVlI 90% 1GOe+OI - 1.34c01 i . -- 392c-00 1.O1e02 -

N03 98% 9,26e+03 1.313n+01 2.54c+00 1,81c-O7

--

- - 1.80e-05 -5.21e03

U
I

7.20e+00
I

- - - - ^ -

lmtal chrnmiuut 82% I.OGa+01 - - - - - - - 1.O0c-02 -

i ^ Ambedite 410

QIVq IN/A N4A N/A N/A NA N/A N/A N/A N/A N/A N/A

NO.I 91% -1.113e+02 - 1.46e+00 9.1 e-0•2 - - - 703e-O6 - -56a-03

U " 5.12e+01

3otal chromium 97% 1.19e+01 6.6e-03 - - 5.07e-06 - 750e-03

A 1-1 indicates Ihot the lenn was nol used in Ihe linal nmdel In predict Clin.iP re., Ih, reprr.ssion coclliclents are not si0uilicanUy dillerenl Irmn zmn.
" N/A -- Nlol avziIab!e, as the dependent variable was a ronstant ULe analylic.il les s than va!uel

R2 is not applicab!e, ae no regression equalinn Imodell Is used.
•"' A dclinition e 1172 is the percent of totzl variabllity of Site d..ra expl:riucd ^iy 11 ie rellre- sion nqualioo
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EQUILIBRIUM EXPERIMENT DATA
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Table F-1. Equilibrium Experiment Raw Data.

^^-

(?Y'..

Sampl. U N03
Total

chromium
Cr(VI) Mass of resin

(g)

EBKT2111 534 196500 1870 1520 <--Standards

EoK12110432 189000 1840 1540 <--Standards

EBK52111 4.5 119000 62 19.4 I 0.05

EBKS2110 21.1 69790 30 19.4 0.1071

FR 9111^ 4,.. R icn n11 W 3v c r,c9.o .19.^+ - ---
55%4 u. u

EBKD2110 j 5 71600 32 19.4 0.0986

EBKB0911 12.3 5955 29.8 19.4 <--Blanks
^^,
tts;^B D9iC^ 5 70 -5030 19.4 <--Blanks

Measured d ensity of resin 0.86 g/m L
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Table F-2. Liters of Solution 31 (Spiked 199-H3-2C)
Treatable per Milliliter of Resin.

Sampl2 rI I U Nitrate Total
chrnmium Cr(VI)

FRKf2111 54.9 0.3 14.9 40.2

EBKS2110 5.3 0.4 14.7 18.8

EBKD2111 57.0 0.3 28.4 36.1

EBKD2iiG 25.0 0.4 14.9 20.4

Average 35.6 0.4 18.2 28.8
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APPENDIX G

RESULTS OF THE LOW FLOW RATE SPIKED GROUNDWATER (WELL 199-H3-2C)
BREAKTHROUGH TEST
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r^ !

l r• p^^f^ 1^-A;

.

. • ^ 9.,. ^ , , ^

^
V

Lalboratory

sample X

Rroject

sample 1'

Cumulative Column

Volumey

11 Column volume

'4.85 mN.l

Uran inm

Conchntrationi

(ppb)

Total

1'hromium
"

Concentra[ion

(ppb)

Chromium (VIH

Concentration

IlPpbl

Nitrate

Cuv¢entraitnon

IPPbI

Flow Rate

4Column

Violumee per

Hour)

Temperature

1°C) at end

of aample

collection

pH

P1554. ERK31BOI 720 1990 1740 199100 13.47

P 1554. ERK31B01 705 2020 1820 187600

P 1555. ERK21TO1 620 1930 1670 190500 8.3

P 1555. ERK21T01 570 1920 1620' 198600

P 1556. ERK31S01. 76.90722 , 4,2 29.8 19.4 3413 1.24 23.8 57.95

P 1556. ERK31S01, 76,90722 2.5 29.8 19.4 3473 1.24

P 1557. ERK315021 150.11031 3.3 29.8 19.4 3473 1.18 23.9 1.78

P 1557. ERK31502 150.11031 , 5 29.8 19.4 3473 1,18

P 1558. ERIK37S03. 224.3299 , 2.4 29.8 19.4 3473 1.2 22.9 1L82

P'1558. ERK31503. 224.3299 3.3 29.8 19.4 3473 1,2

P 1559. ERK31504 296825 3.2 29,8 19.4 19960 1.16 21 9 847

P 1559. EeK31S04 296825 , 4.8 29.8 19.4 19930 1.16

P 1560. ERK31S05 366.5979 , 3.5 29.13 19.4 112900 1.14 22.7 8.38

P 1560. ERK31S05 366.5979 2.3 29.13 19.4 112200 1.14

P 1561. E6K31506 443.7113 2.7 29.13 19.4 222200 1.25 23.2 , 8.3

P 1561. ERK31S06 443.7113 3.6 29.13 19.4 220800 1.25

P 1562. ERK31SO7 521309 3.6 29.8 19.4 228400 1.25 23.1 8.19

P 1562. ERK31507 521309 4.4 29.8 19.4 228700 1.25

P 1563. ERK31508 595.2577 2.5 29.8 19.4 218200 1.2 22.8 84

P 1563. ERK31S08 595.2577 2.5 29.8 19.4 212900 1.2

P 1564. Efll(31509 673.8144 3.3 29.8 19.4 217200 1.27 22.3 7.88

P 1564. ERI(31509 673.8144 4.8 20.8 19.4 215900 1.27

P 1565. ERK31SIO 749.4845 2.7 29.8 19.4 219500 1.22 22.8 7.83

P 1565. ERK31S10 749.4845 , 3.6 29.8 19.4 217500 1.22

P 1568, ERl:31511 823.5052 3.3 29.8 19.4 221200 1.19 23.3 7.86

P 1566, EftH31S11 823.5052 4.2 29.8 19.4 218600 ITS,
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., = r °; j =

[7

W

Laboratory

cample R

-
PProject

cample I

-
ClumulativyColumn

Volurnec

0 Columrv voluma

'4.B5 mLl

-^
C17raniumuncemtration

Ppb)

Total

Chromium

Concenlratiun

(PPb)

Chromium VI)

Concentra
4
ion

IpPbl

-
Nitrate

ntrationConcentration

(PPb)

FNowRatel

(Column

pelr

Hourl

-
Temperature

1°q at and

of camptlQ

collection

H

P 1567. ERK31512 898.9691 5.2 29.8 19.4 226100 1.22 22.^13 7.75

P 1567. ERK31S12 898.9691 4.4 291.8 1y4.4 227900 1.22

P 1568. ERK31S13 ' 974.433 3.3 291.8 1:ii.4 226500 1.22 23 7.82

P 1568. ERK31513 974.433 4.3 25.8 19.4 228900 1.22

P 1569. E11K31514 1048.577 2.9 2918 19.4 231500 1.2 2219 7.73

P 1569. ERK31514 1048.577 3.2 2948 19.4 226600 1.:7

P 1570. E8K31515 1123.423 14.1 29.8 19.4 228800 1.211 23.4 7.72

P1570. E81(31515 1123.423 10.8 29.8 19.4 227500 1.211

P 1571. E111(31516 1198.268 3.2 48 19.4 216000 1.211 23.4 7.68

P 1571. ERK31516 1198.268 3.9 60 , 19.4 2191700 1.211

P 1572. ERK31517 1275.381 3.5 29.8 , 19.4 227300 1.25 24.6 7.69

P1572. E8K31S17 1275.381 3.2 29.8 19.4 221700 1.25

P 1573. ERK31518 13151.B76 4.3 29.8 , 19.4 215400 1.24 23.I`rl 7.66

P 1573. ERK31^518 1351.876 49 29.8 , 19.4 217200 1.24

P 1574. E81(31519 1429.196 5.3 ,31 , 19.4 215600 1.25 23.,5 7.68

P 1574. E8K31519 1429.196 6.5 54 , 19.4 213900 1.25

P 1575. ERK31S20 1504.247 ' 4.8 64 , 19.4 208900 1.21 24.7 7.69

P 1575. ERK31520 1504.247 4.5 59 , 19.4 209000 1.21

P 1576, ERK31521 1580.536 3.5 45 , 19.4 207600 1.23 25 13 7.63

P 1576. E81(31521 1580.536 3.7 42 . 19.4 206400 1.23

P 1577. ERK31522 1657.649 4 ' 46 , 207 205000 1.25 25.4 7.73

P 1577. E11K31522 1657.649 3.6 40 , 19.4 201400 1.25

P 1578. ERK31523 1734.969 4.4 52 28.5 202500 1.25 24.5 7.69

P 1578. E81(31523 1734.969 4.2 38 19.4 2001300 1.25

P 1579. E111(31524 1811.876 4.4 59 33.7 199200 1.24 242 7.79

P1579. ERK31524 1811.876 49 60 33.7 199100 1.24

.-i
IY
^^--^

p9

Î
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Laboratory Project

Cumulative Column

Volumec
Uranium

Total

C
Chromium fVll Nitrate

Flow Rate Temperature

sam le #P eam le !p Column velume
Concentration

miumhra

ConceMration
Concentration Concentratiun

IColumn ( °Q at end

H
'

Ippb)
IPPbI (ppbl

Vi'lumes per of sample
4.85 mll Ipbl Hour) collectinn

P 1564 ERK31525 1888.557 4.2 68 46.7 196300 1.24 25.6 7.65

P 1580. ERK31525 1886.557 5 64 50.6 197200 1.24

P1581. ERK31B02 765 2060 1750 192500 85

P 1581. ERK31802 645 2033 1760 189900
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R€SULTS OF THE HiGH FLOW RATE SPIKED GROUNDWATER
(WELL H3-2C) BREAKTHROUGH TEST
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Laboratory

cample #

F'rmjeck

czmple ^

Cumulative Column

Volumec 11 Columrn

volume - 4.85 mLp

Uranium

Concentl'ation

Ippbl

TotalChromiunn

Concentration

Ippbl

Chromium NV'II

Concentration

(ppb)

Nitrate

Concentration

(ppbl

Ternpeiature (°C)

at end of camplle

collection

Flow Rate

(Column

Volumiec per

Hour)

wH

P 1599. EflK21T 5 970 2050 19100 208160 0' 83

P 1599. ERK21T65 962
--

2080
-

1880 207190 ---0' 7.94

P 1600. ERK31S31 80 2
-

29.8 19.4 3473
-

24.3
-

32' 7.4

P 1600. ERK31531 60 2.1 29.8, 18.4 3473 24.3 32' 7.4

P 1601. ERK31532 159.6, 9.6
1

29.8 19.4 3473 24.5 31.8 7.5

P 1601. ERK31532 159.6 9.,7 29.8 19.4 3473 24.5 31.8 7.5

P 1602. ERK315f33 239.2 102 29.8, 19.4 12920 24.7 31.8 7.72

P 1602. ERK31533 239.2 10.7 , 23.8 19.4 13040 24.7 31.8 7.72

P 1603. E8K311S34 317.5 9.8 , 29.8 19.4 59540 24.1 31.3 7.86

P 1603. ERK34 S04 317.5 9.7 29.8, 19.4 59260 ' 24.1 31.3 7'.86

P 1604. ERK3.1535 396.5 10.4 , 29.8 19,4 157370 23.6 32.3 7.97

P 1604. ERK31S35 396.5 10.3 29.8. 19A 158230 23.6 32.3 7.97

P 1605. E111(31536 452.2 11,3 29.8 19.4 211050 , 22.2 22.3' ' 82

P1605. E11K31536 452.2 11.2 29.8 19.4 211790 22.2 22,3' 82

P1606. ERK31S37 514 13.8 29.8 19A 228730 22.8 27.2 7,88

P 1606. E11K31S37 514 14.3 29.8. 19:4 229270 22.8 27.2 788

P1627. ERK31S38 576.5 18 29,8 19.A , 236430 22.8 25' 8.33

P1627. ERK31538 576.5 18 29.8 19,4 235980 22.8 :25' 8.33

P 1608. E8K31S39 644.3 9.5 29.8, 19.4 229340 22.8 271' 8^'.15

P 1608. E111(31539 644.3 9.2 29.8 19.4 228260 22.8 27.1 ' 8: 15

P 1609. E11K31540 709.1 ,9.7 29.8 19.4 235260 23.2 25.9 88

P 1609. ERK31540 709.1 9.4 29.8 19.4 237400 2:3.2 25.9 88

P 1610. E11K31541 756.5 7.9 29.8 19.4 242500 2:3.5 18.6 8.'11

P 1610. E11K31S41 756.5 8 29.8 19.4 244710 213.5 18.6 8.11

P 1625. ERK31806 0 771 2160 2070 218380 8,11

P 1625. ERK31B06 0 728 2160 2050 215890
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APPENDIX I

RESULTS OF THE UNSPIKED GROUNDWATER (WELL 199-H4-4) BREAKTHROUGH TEST
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Laboratory

sample f

Project

samplP. I

Cumulalive Coliirnn

Volumea 11

Coliumnvolumr.

4.85 mL) I

Uranium

Concentraliron.

IPP^^)

Total

romiumCh

Concentration
(pjab)

Chromium (V8

Concentration

Ipplbt

Nitrate

Temperature
^(•) at(^

sample

collection

Flow Rate

IlColumn

Volumes per

Hourl

pH

P 1664. ERK291301 1 45 76 70.1 77090 4.5

P 1664. ERK291301 44 ' 73 64.9 76900 4.5

P 1665. ERK21T09 783 2110 2080 186900 7.86

P 1665. ERK21109 778 2160 1950 187500 7.86

P 1666. ERK29$01 60.5 1 29.8 19.4 2138 24.2 12.7 7.94

P 1666. ERK29501 6Ci.5 ,1 29.8 , 19.4 2158 24.2 12.7 7.94

P 1667. ERK29502 12(3.2 1 29.8 19.4 3473 23.4 12.5 6.57

P 1667. ERK29$02 ' 120^.2 1 29.8 , 19.4 3473 23.4 12.5 6.57

P 1668. ERK29503 ' 191i.2 1.1 ' 29.8 , 19.4 3473 22.8 14.4 6.93

P 1668. ERK29:403 ' 195.2 1.,1 ' 29.8 ' 19.4 3473 22.8 14.4 6.93

P 1669. ERK29904 262.9 1 29.8 , 19.4 3473 23.4 12.1 7.28

P 1669. ERK29504 262.9 1 29.8 , 19.4 3473 23.4 12.1 7.28

P 1670. ERK29505 326.4 1

-

29.8 ' 19.4 3473 24.2 13.6 7.6

P 1670. ERK29505 326.4 - 1 29.8 , 19.4 , 3473 24.2 13.6 7.6

P 1671. ERK29506 3133 1 29.8 , 19.4 60850 25.3 13.4 7.69

P 1671. ERK29506 393 1 ' 29.8 19.4 60950 25.3 13.4 7.69

P 1672. ER1C29507 468.4 , 1

---

29.8 19.4 35740 24.4 15.1 7.82

P 1672. ERK29507 468.4 1 29.8 19.4 35650 24.4 15.1 7.82

P 1673. ERK29508 544.9 1 29.8 19.4 80720 23.8 14.6 7.86

P 1673. ERK29508 544.9 1 29.8 19.4 80400 23.8 14.6 7.86

P 1674. ERK29509 611 .5 1 29.8 19.4 95260 24.8 14.5 7.9

P 1674. ERK29509 6116 1 29.8 19.4 96160 24.8 14.5 7.9

P 1675. ERK29S70 697.9 2.3 29.8 19.4 98770 25.3 17.2 7.97

P 1675. ERK29S70 697.9 2.3 29.8 19.4 97600 25.3 17.2 7.97

P 1676. E8K29511 775.6 1 29.8 19.4 98240 25.6 15.5 7.93
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3 4 l I ?1'4 . ',

Laboratory

carpple tl

T

Pro1'eCt

camplh

Cumulativa Column
Volumec (1

Column volume

-

4.85 mLl

llranium

ConcenlraUon

IPPbI

-

Total

Chromium

Concentralion

(PPb)

Chromium IVR
Concentration

IPPbI

Nitrate

Temperature

sample
colleclion

Flow Rxte

Vol.... per

Hour)

pEl

P 116J6. ERK29$11 775.6 1 29.8 19.4 97450 25.6 15.5

_

7'.91

P 1677. ERK29Ei12 853.6 . 1 29.8 19.4. 100300 25 15.6 61.1E3

P 1677. ERK29$12 853.6 1 29.8 19.4. 99670 25 15.6 81.1{3

' P 11878. ERK29813 926.5 1 29.8 19.4 103500 24.8 14.6 7'.9!)

' P 11678. E8K29S13 926.5 1 29.8 19.4 103500 124.8 14.6 79^3

P 11679. ERK29S14 1001.8 1 ' 29.8 19.4 102900 125.4 15 7.88

P 11679. ERK29S14 1001.8 1 29.8 19.4 107000 125.4 15 7.813

' P1680. ERK29S15 1079.2 1 29.8 19.4 94910 25.8 15.5 7.69

P 1680. ERK29S15 1079.2 1 ' 29.8 19.4 94680 :25.8 15.5 7.69

P 1681. ERK29516 1145.6 1 . 29.8 19.4 86430 :25.2 13.2 7.55

P 1681. ERK295.16 1145.6 1 29.8 19.4 85800 25.2 13.2 7.55

' P 1682 E8K29517 1210.7 1 29.8 19.4 78560 :25.2 13 7.55

' P 1682. ERK29517 1210.7 1 29.8 19.4 78010 25.2 13 7.55

P 1683. E8K298 18 1265.7 1 . 29.8 19.4 76000 23.5 10.9 7.58

' P 1683. ERK29518 1265.7 1 29.8 19.4 75720 23.5 10.9 7.58

' P 1684. ERK29519 1315.8 1 29.8 19.4 75340 23.8 10 7.5

'P 1684. ERK29S19 1315.8 1 29.8 19.4 75290 23.8 10 7.5

'P 1685. ERK29S20 1389.4 1 29.8 19.4 75750 24 10.5 7.79

'P 1685. ERK29S20 1389.4 1 29.8 19.4 76110 24 10.5 7.79

P 1686. ERK29S21 1442.6 1 29.8 19.4 75300 23.3 10.6 7.65

P 1686. ERK29S21 1442.6 1 29.8 19.4 75510 23.3 10.6 7.65

P 1687. ERK29S22 1495.2 1 29.8 19.4 74460 22.3 10.5 7.66

P 1687. ERK29S22 1495.2 1 29,8 19.4 74190 22.3 10.5 7.66

P 1688. E8K29S23 1552.3 1 29.8 19.4 75340 23 11.4 7.72

P 1688. ERK29S23 1552.3 1 29.8 19.4 75280 23 11.4 7.72

P 1689. E5K29S24 1602.2 1 29.8 1 9.4 73510 24 9.9 7.63
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to

Cumulative Column
Uranium

Total
Chromium (VB

Ternperatura Flow Rate
Laboratory

^
Proiect Volumes 1

(
Chromium il°C) at ( Column

sam ^ple / sample J' Column volume -
Concentration

Concentration
Concentration Nitrate

sample Volumee per
jpH

4.85 mLl ( pGib) IPpbl

Ippbl

collection Hour)

P 1689. E"RK29S24 1602.2 1 29.8 19.4 73940 24 9.9 7.63

P 1690. EiRK29525 1660.4 1 29.8 19.4 44570 24.3 11.6 7.63

P 1690. fERK29529 1660.4 1 29.8 19.4 45020 24.3 11.6 Z63

P 1691. EiRK29B02 54 88 66.2 92400 7.65

P 169L BRK29BO2 53 el 61 92100 7.65
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APPENDIX J

RESULTS OF THE UNSPIKED GROUNDWATER (WELL D5-15) BREAKTHROUGH TEST
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^ra^ p
U Cl

Laboratory

campleA

I

Project

cample J

Cumulative

column

volumes 11

Column

Volume

-4.85 mLl

Uranium

(ppb)

Total

Chromium

Concantra-

tionlppbl

Chromium NO

Qoncantration

lppbl

Nitrate

Concentr;tion i

1ppb1,

IFlow Rate

(Column

Volumes per

hourl

I

Temperature

(°C) at e:nd

of samqle

collection

--

H

p

P 1630. ERK19801 4.3 2050.0 1990.0 50630 7.8

P 1630. EflK19B01 6.0 2100.0 2080.0 50630 ' . , 7.8

P 1631. ERK21T07 925.0 2140.0 1620.0 184600 8.26

P 1631. ERK2,1T07 660.0 2130.0 1550.0 184700 8.26

P 1632. ERK19S01 84 4.4 47.0 19.4 3473 1.13 26.2 7.17

P 1632. ERK19501 84 4.6 46.0 19.4 3473 1.13 26.2 7.17

P 1633. ERK19S02 168 1.9 29.8 22.0 3473 1.13 25.2 Z39

P 1633. ERK19S02 168 1.9 29.8 20.7 3473 1.13 25.2 7.39

P 1634. ERK19S03 255 6.9 29.8 19.4 3473 1.15 24.8 7.35

P 1634. ERK19S03 255 9.5 29.8 19.4 3473 1.15 24.8 7.35

P 1635. E8K1'9S04 338 2.0 56.0 28.5 3473 1.14 26.5 7.48

P 1635. ERK19S04 338 2.4 46.0 32.4 3473 1.14 26.5 7.48

P 1636. ERK79S05 425 3.9 41.0 19.4 12960 1.18 26.5 7.72

P 1636. ERK19S05 425 3.6 47.0 19.4 13200 1.18 26.5 7.72

P 1637. ERK19S06 510 3.8 32.0 31.1 58840 1.18 25.7 7.92

P 1637. ERK19S06 510 4.3 34.0 27.2 58600 1.18 25.7 Z92

P 1638. ERK19S07 601 2.1 62.0 ' 19.4 94000 1.18 25.2 7.67

P 1638. ERK19507 601 2.2 60.0 19.4 91310 1.18 25.2 7.67

P 1639. ERK19SO8 694 4.2 39.0 31.1 67850 1.18 26.5 7.62

P 1639. ERK19808 694 CO 46.0 27.2 67410 1.18 26.5 7.62

P 1640. ERK19S09 777 4.2 39.0 36.3 48000 1.19 26.1 7.81

P 1640. ERK19SO9 777 4.4 47.0 23.3 49090 1.19 26.1 7.81

P 1641. ERK19S70 868 3.7 70.0 37,6 46410 1.22 24.9 7.75

P 1641. ERK19S10 868 3.6 64.0 45.4 47290 1.22 24.9 7.75
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tl f„E« $1 xQb.^ .

CO

iaboratory

sam IeYp

Project

cam le X.P

Cumulative
column

volumes (1

Column

Volnme
-4.85 mEl

Uranium

Ipphl

fotal

Chromium

Co:hmen[ra-

tirnn (ppbl

Chromium NO

Concentration
( ppbl

Nitrate

ConcentrJtion

bl
pp

Fluw Rate

IColumn

Volumes per

holurl

Temperature

I°C1 at end

of smmplm

collection

pH

, ..

P 1642. E8K19511 958 4.2 83.0 37.6 45970 1.22 24.4 7.73

P 1642. ERK19S11 958 4.4 77.0 35.0 46330 1.22 24.4 7.73

P 1643. ERK19S12 1048 2.2 93.0 36.3 49240 1.21 25..2 7.71

P 1643. ERK19512 1048 2.1 104.0 41.5 47010 1.21 25,2 7.71

P 1644. ERK19513 1138 3.9 68.0 38.9 48200 1.2 ' 25.6 ' 7.72

P1644. ERK19S13 1138 3.7 60.0 45.4 49020 1.2 25.6 7.72

P 1645. ERK19514 1228 15.6 145.0 77.9 47490 1.21 24.1 ' 8.08

P 1645. E8K19514 1228 17.2 152.0 66.2 47i40 1.21 24.1 ' 8.08

P 1646. ERK19515 1309 4.2 171.0 75.3 46230 1.09 23.5 7.82

P 1646. ERK19S15 1309 3.9 157.0 77.7 45;770 1.09 23.5 ' 7.132

P 1647. ERK19SI6 1390 2.0 188.0 84.4 46330 1.08 24.3 ' 7.79

P 1647. ERK19516 1390 1.9 188.0 83.1 46610 1.08 24.3 7.79

P 1648. ERK19517 1470 4.0 197.0 96.1 47390 1.09 24.5 7.12

P 1648. ERK19S77 1470 3.9 199.0 92.2 47j120 1.09 24.5 732

P 1649. ERK19S18 1552 4.4 225.0 131.0 47370 1.1 23.7 7.64

P 1649. ERK19518 1552 4.2 223.0 125.0 47430 1.1 23.7 7.64

P 1650. ERK19519 1638 9.1 258.0 155.0 46890 1.16 23 8.02

P 1650. ERK19S19 1638 8.3 254.0 160.0 47330 1.16 23 8.02

P 1651. ERK19S20 1733 3.9 180.0 197.0 47570 1.16 24.4 7.93

P 1651. ERK19S20 1733 3.6 178.0 183.0 47620 1.16 244 7.83

P 1652. ERK19521 1811 7.8 221.0 208.0 47140 1.16 24 7.82

P 1652. ERK19S21 1811 6.2 216.0 221.0 484.40 1.16 24 7.82

P 1653. ERK19522 1896 4.2 ' 234.0 246.0 47630 1.14 23.5 7.81

P 1653. ERK19522 1896 4.0 232.0 239.0 47760 1.14 23.5 7.81
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--- C:umulative ^-- -^- -_.
' column Total IT.,, Rate Temperature

Laboratery Project ^.^alumea H Uranium Chromium
Chromium (VI) Nitrate

IColumn ° C) at: end(
eample/ carnlPle / Column (ppb) Concentra-

Concentralion Concentration
Volumec per of sample

pH

Volume tion Ippb)
Ippbl ( ppbl

hour) collection
"4.85 mLl

P 1654. ERK19523 1981 4.6 262.0 253.0 47600 1.14 23.4 7.79

P 1654. ERK19523 1981 3.8 2600 255.0 47480 1.14 23.4 7.79

P 1655. ERK19524 ' 2064 17.5 297.0 298.0 48530 1.12 24.5 7.94

P 1655. ERK19S24 ' 2064 15.2 300.0 294.0 47740 1.12 :4.5 7.94

P 1656. ERK19S25 ' 2149 11.6 331.0 303.(1 48110 1.14 24.3 7.813

P 1656. ERK19S25 ' 2149 10.0 329.0 304.0 46910 1.14 24.3 7.89

P 1657. ERK19802 20.0 1970.0 1830.0 49120 7.97

P 1657. ERK19B02 ' 19.5 1980.0 1020.0 48460 7.97
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APPENDIX K

RESULTS OF THE BIODENITRIFIED GROUNDWATER (WELLS 199-H4-4 AND 199-D5-15)
BREAKTHROUGH TEST
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Laburatory

cam P le I

I Project

am leIs P

-

CumulativeColumn

Volumes (1

Column volmn:e '

4.85 mLl ,.

Uranium

Concen'[rauon

Pb)IP

Total

Chromiuim

Concan[ra¢ion

IPPb,I

Chromium

IVII

Conce:ntra[ion

Ippbl

Nitrate

Concentration
(Ppb)

.

Tem p erature

1°C) at end of

sample

colleclion

Plow Rato

(Columri

Vitlumes per

Hourl

PH

P 1695. ERK21T17

- --

788 2180 1800 218570 ---^ 000011

P 1695. ERK21T11 ^ ; , 804 . 2160 1760 219480 -_-^ 4.33

P 1696. ERK30801 10.8 1000 , '. 720 11060 7,99

P 1696.. ERK30801 10.8 1010 694 11020 84

P 1697 ERK30501 83.1 1 29.8 19.4 3473 23.8 166 6.12

P 1697. ERK30501 83.1 1 29.8 19.4 3473 23.8 , 16.6 6.12

P 1698. ERK30502 154.6 1 29.8 19.4 3473 23.8 14..4 7.81

P 1698. ERK30S02 154.6 1 29.8 19.4 3473 23.8 14.4 7.81

P 1699. ERK30S03 227.4 I

-

29.8 ,

-

19.4 . 3473 23 14,6 7.49

' P 1699. ERK30503 227.4 1 29.8 .

-

19.4 , 3473 23 14.6 7.49

P 1700. E8K30504 295.5 1- -29.8 ' 19.4 3473 23.2 13,6 7.74

P 1700. ERK30504 295.5 1 29.8 19.4 3473 23.2 13,6 7.84

'P 1701. ERK305O5 381.4 1 29.8 19.4 3473 23 17.2 7.52

P 1707. ERK30505 381.4 1 29.8 19.4 3473 23 1Z2 7.52

P 1702. EiRK30S06 452.2 1 29.8 ' 19.4 3473 24.8 14.2 7.84

P 7702. EIRK30S06 452.2 1 29.8 19.4 3473 24.8 14.2 7.84

P 1703. ERK30507 516.9 1 29.8 19.4 3473 23 12.9 7.63

P 1703. EHK30507 516.9 1 29.8 19.4 3473 23 12.9 7.63

P 1704. ERK30S08 586.1 1 29.8 19.4 3473 21.9 13.8 7.78

P 1704. ERK30508 586.1 1 29.8 19.4 3473 21.9 13.8 7.78

P 1705. ERK30S09 652.3 1 29.8 19.4 3473 22.3 13.2 7.9

P 1705. ERK30809 652.3 1 29.8 19.4 3473 22.3 13.2 7.9

P 1706. ERK30S10 740.3 1 29.8 19.4 5891 24.7 17.6 7.82

P 1706. ERK30S10 740.3 1 29.8 19.4 5899 24.7 17.6 Z82

P 170Z ERK30S11 814 1 29.8 19.4 10812 25 14.7 7.82
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OD

Laboratory

sample R

Project

sample I

Cumulative Column

Volumes 11

Column volume -

4.85 mLl

Urainium
Conceintration

Ptil

Total

Chromium

Contion

(ppb)

Chromium

( VB

Concentration

(ppb)

Nitrate
Concantration

IPPhI

7emperature

('°CI at end of

sample

cnllection

Flow Rate

(Column

Volumes per

Hourli

H

P 1707. ERK30S11 814 1 2,4.8 19.4 10715 25 14.7 7.82

P 1708. ERK30S12 907.11 1 29.8 19.4 18239 23 18.6 7.8

P 1708. E111(30512 907.11 1 2h.8 19.4 18000 23 118.6 7.8

P 1709. ERK30513 959.3 1 29.8 19.4 27468 21.8 10.4 85

P 1709. ERK30S13 959.3 1 29.8 19.4 27606 21.8 10.4 85

P 1710. ERK30514 1030.5 1 2q.8 19.4 27934 23.4 14.2 82

P 1710. E111(30514 1030.5 1 27..8 19.4 28137 23.4 14.2 82

P 1711. E111(30515 1123.4 1 29.8 19.4 18379 25.7 113.6 7.89

P 1711. ERK30515 1123A 1 29.8 19.4 18232 25.7 18.6 7.89

P 1712. ERK30516 1205.9 1 2e1.8 19.4 12046 25.5 15.5 7.83

P 1712. ERK30516 1205.9 1 29.8 19.4 12101 25.5 115.5 7.83

P 1713. ERK30S17 1281.2 I 35 19.4 10872 24.2 15.1 7.88

P 1713. ERK30517 1281.2 1 ' 30 19.4 10689 24.2 15.1 7_88

P 1714. ERK30518 1307.3 1 25.8 19.4 10560 22.3 5.2 85

P 1714. ERK30518 1307.3 1 2918 19.4 10560 22.3 5.2 85

P 1722. E111(30602 10.1 998 787 10740 85

P 1722. ERK301302 10.5 995 814 10830 85
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APPENDIX L

RESULTS OF THE LOW FLOW_RATE VERY HIGHSPIKED_GROUNDWATER_(WELL L99-H3-2r.)
BREAKTHROUGH TEST
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1 8 .y

r

Li^boratory

s,ample !

Project

campVe I

Cumwlative Column

Vmlumes 11 Column

volume 4.85 mL)

iUranium

Concentration

1ppb1

Total C:hromiLm

Conce:ntrati^on

Ippb)

Chrorniunli (VII

Concantretion

Ippbl,

Nitrate

Concentration

Ippbl

Flow Rate

(Column

Volumek

per Hourl

Temperature

(°C) at end

of sample

colleation

I
pH l

, I

P 1730. ERK:21T04 741 2170, 1960 196781 8.116

P 1730. ERK21,T04 744 2200 2000 194006 F3,ID6

P 1731. ERK41801 2380 6440 6000 193806 Fa,1119

F'1731. ERK41801 2430 6500, 5.960 193535 8.99

F'1732. ERK41501 82.9 5.1 59 19.4 3473 16.6 23.2 774

F'17i12. ERK41,S01 82.9

-

5.4 66, 19.4 3473 16.6 23.2 74

P 17113. ERK41502 ^- 179.8 12.1 46, 19.4 3473 16.2 22.5 7.763

P 1733. ERK.41$02 179.8

--

' 12.3 45 19.4 3473 16.2 22.5 763

P 1734. ERK41S03 , 288.3 ' 12.7 45 19.4 3473 14.4 22 7,95

P 17314. ERK41S03 , 288.3 12.5 42, 19.4 3473 14.4 22 7.^95

P 1735. ERK41604 379.1 17.8 50, 19.4 87409 18.1 23.7 Fl :13

P 173:5. ERK41504 , 379.1 18 53 19.4 87219 18.1 23.7 E3.,23

P 1736. ERK41505 468.8 17.3 69, 19.4 200471 17.9 24.2 0.24

P 173.6. ERK41505 , 468.8 17.1 69, 19.4 201108 17.9 24.2 8:24

P 173.7. ERK41SO6 , 561.7 11.8 56. 19.4 224250 15.5 22.6 7.87

P 173.7. ERK41506 561.7 12 59 19.4 225060 15.5 22.6 i'.87

P 1738. ERK411507 , 632 6.7 66 19.4 227680 12.2 21.6 9.18

P1738. ERK41^a07 632 6.6 -68 19.4 227620 12.2 21.6 8.58

P 1739. E8K41508 734.5 10.3 166 19.4 227570 15.5 24 89

P 1739. ERK41S08 734.5 10.2 66 19.4 228600 15.5 24 89

P 1740. ERK41S09 834.3 10.9 48 '. 20 231220 16.6 25 8

P 1740. ERK41S09 834.3 10.7 53 28.5 229650 16.6 25 8

P 1741. ERK41S70 918.4 11.5 73 20.7 226312 16.8 24.5 85

P 1741. ERK41510 918.4 11.5 76 20.7 226214 16.8 24.5 85

P 1742. ERK41S11 1011.4 11.1 91 13.7 226140 15.5 23 T-85
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Lahoratory

sam le #P

PrajeGt

sam itl tlP

.

Cumulative Column

Volumes (I Column

volume - 4.85 mLl

Uranium

Concentra[ion

(ppb)

Total Chromium

ConcerLLration

IPphl

Chromium IVI)

Concentration

)PPb)
,

Nitrate

Concentration

(PPbI

Flow Rate

IColumn

Volumes

per Hour)

femperature

(°Clatend

of sample

collection

pH

P 1742. ERK41S11 1011.4 11.8 82 ' 35 223470 15.5 23 7.85

P1743. ERK41512 1091.3 7 83 28.5 220170 13.3 23.5 7.75

P 1743. ERK41512 1091.3 6.9 81 • 48.5 222060 13.3 23.5 7.75

P 1744. ERK41S73 ' 1181.3 8.9 134 45.4 221280 15 25 7.66

P 1744. ERK41513 1181.3 8.6 135 79.3 223010 15 25 7.66

P 1745. ERK41S14 ' 1267.9

--

8 180 61 218416 14.4 23.6 7.89

P 1745. ERK41C314 ' ' 1267.9 8 177 ' 66.2 216241 14.4 23.6 7.89

P 1746. ERK41515 1341.2 7.8 164 92.2 210506 12.1 22.3 7.79

P 1746. ERK41$15 1341.2 7.9 159 90.9 212082 12.1 22.3 7.79

P1747. ERK41$16 1450

-

25.7 278 160 191980 19.5 23.6 7.21

P 1747. ' ERK41516 - ' 1450

-

25.8 272 162 192360 19.5 23.6 7.21

P 1748. ERK41S17 - ' 1546.3 32.1 305 239 202730 21.8 24.5 7.57

P 1748. ERK41S17 1546.3 30.9 300 235 201590 21.8 24.5 7.57

P 1749. ERK41518 1634.2 21.4 378 255 200520 17.6 23.8 7.5

P 1749. ERK41Cy18 1634.2 21.6 385 260 200420 17.6 23.8 7.5

P 1750. ERK41S19 1707.6 9 323 .251 197090 11.5 22.3 8.19

P 1750. ERK41819 1707.6 8.4 330 .255 198310 11.5 22.3 8.19

P 1751. ERK41S20 1779.6 8.5 383 300 208316 12 22.9 7.94

P 1751. ERK41S20 1779.6 9.4 386 296 208747 12 22.9 7.94

P 1752. ERK41S21 ' 1875.1 24.9 529 448 201840 19.1 24.4 7.69

P 1752. ERK41S21 1875.1 24.3 536 452 201860 19.1 24.4 7.69

P 1753. ERK41S22 1966.9 25.6 646 545 197997 18.3 24.3 7.75

P 1753. ERK41822 1966.9 24.5 646 541 201389 18.3 24.3 7.75

P 1754. ERK41S23 2050.4 13.2 693 547 195848 13.9 22.9 7.66

P 1754. E8K41523 2050.4 13.1 687 551 196365 13.9 22.9 7.66

P 1755. ERK41S24 2126.5 11.7 749 632 188500 12.6 22.6 8.15
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r
I
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Laboratory
sampln /

Project

sample t

Cumulative Column
Volumes (1 Column
volume - 4.85 mLl

Uranium
(:onc:entrat^ion

I;ppb)

Total Chromium

Concentration

(ppb)

Chrrvmium (VB
Concentration

Ippb)

Nitratd
Concentratkm

jppbl

Flow Rate

(Column
Volumea

per Hour)

Temperature
I"q at and

of aaimpln

collactlon

pH

P 1755. 1ER941524 2126.5 11.6 744 627 190123 12.6 22.6 8.15

P 1755. 1AK41S25 2209.7 20.1 981 779 198459 16.6 23.9 7.91

P 1756. IJiK41525 2209.7 19.7 978 784 200919 16.6 23.9 7.91

P 1757. ERK41526 2298.2 24.9 1180 976 197562 17.7 24 7.83

P 1757. IcRK41S26 2298.2 24.4 1200 982 200155 17.7 24 7.83

P 1758. 8RK41527 2347.6 19.5 1290 1050 199296 7.3 23.4 7.99

P 1758. 1SRK41527 2347.5 19.1 1290 1060 198917 7.3 23.4 7.99

P 1762. I_RK411302 3297 6720 5880 194280 7.62

P 1762. I_RK41B02 3276 6650 5840 195296 7.62

P 176:3. 8RK31T05 805 2260 1980 1911.24 7.63

P 17613. IliK31T06 801 2250 2000 194087 7.63
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Laboratory
samptle i

, .

Friojectl

sample N
,

Curnulative'CoOiumn

Volumes (1 Cullumn
volume - 4.85 ml.)

Uranium

Concentration

Ippbl

'd'otalChromiujn
Concentration

(Ppb)

ChiromiumIVB
Conc:antration

(ppbl

Nitrate
iCbncentration

I^PWb)

Chloride
^ncentraitbn

P 1719.

P U779

CK'20BAQ1

CK20BA01 r

2.7

2.7

4.5

42

19.4

19.4

3443

-- , 3443

6.5

6.9

P 1,702. CK,31EA01 3 111.5 4081 1020 3640 198508 8.6

P 1782.

P 1783.

CK;31EA01

CK31EA02

341.5

311.9

40Qi

38700

1170

3480

3640

136000

1199514

111414000

8.6

22-744

P 17F}3.

P 17".

CKa31EA02

CK31 EA03

-

311.9

392.4
-- -

40800

33000

3450

3760

138000

125000

1 1481400

14733670

21984

61150

P 17114. CK91EA03
T
312.4 31900 3650 117000 1542680 6071

P 1785. CK31EA04 :j1'i2.8 24030 163000 94500 10562900 681,90

P 1785. CK31EA04 C312.8 23900 161000 99 ^C.00 10658600 68321

P 1791. CK31EAO5 313.2 19500 123000 85.'i.00 1007840 9300

P 1791. CK31EA05 313.2 19400 125000 84500 '1012070 9051

P 1713.6. CK31EAO6 313.5 13400 122000 80600 901663 100934

P 1706. CK31EA06 113.6 18300 118000 77200 -', 921196 99996

P 1787. CK31EA07 313.9 15800 109000 69300 779567 10305

P 179J. CK31EA07 2113.9 15900 108000 70300 785582 10259

P 1788. CK31EA08 .314.3 13500 94900 59300 7445010 124606

P 170 8. CK31EAO9 ,314.3 13500 93300 59100 71825000 130877

P 1789. CK31EA09 314.7 12700 84200 51800 549290 12869

P 1789. CK31EA09 344.7 11700 84700 50300 606060 11686

P 1790. CK31EA10 315.2 9170 82600 44900 522227 12540

P 1790. CK31EA10 315.2 9240 78500 44400 532463 12992

P 1797. CK31EB01 653.1 34600 111000 92500 6719430 15635

P 1797. CK31E801 653.1 35000 109000 91300 6997520 15930

P 1800. CK31EC01 957.5 43430 153000 119000 10850600 47116

P 1800. CK31EC01 957.5 43790 142000 119000 10631700 46840
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00

Laboratory
sample t

Project

sample I

Cumulative Cqlumn

Volumes 11 Column
volume ' 4.85 mLl

Wranium

Concentration

Ippb)

Total IChromlum

Concentration

(ppb)

Chromium IVO
Concentqation

(ppbll

NB'rate
Concentration

Ippb)

Chloride

Co^centratbn

P 1803. CK31EDOI 1260.9 34440 150000 1119000 10412700 39132

P 1803. CK31EDOI 1260.9 34280 155000 121000 :10134900 38562

P 1806. CK31EEO'p 1548.9 41700 137000 112000 98^27310 36446

P 1806. CK31EEO1 1548.9 41510 143000 1019000 9840590 37182

P 1809. CK31EFO'1 1819.8 34060 133000 103i000 9425250 39822

P 1809. CK31EF01 1819.8 35940 137000 101000 9199310 42474

P 1812. CK31E0O1 2062.2 28040 130000 93500 8476550 188334

P 1812. CK31EOO1 2062.2 27730 128000 91800 8718060 180642

P 1815. CK31EHO1 2290.7 312010 114000 89600 8243960 35212

P 1815. CK3IEHO'1 2290.7 212210 110000 88400 81138840 34231

P 1818. CK31E101 2608.3 25190 134000 128P00 10735100 36221

P 1818. CK31E871 2608.3 24760 129000 1271000 10106400 34106

P 1821. 'CK31EJ01 2937.6 627.2 3430 3640 532000 11607

P 1821. CK31EJO1 2937.6 625.8 3230 3640 528000 13186

P 1822. CK31EJ02 2938 607.7 3740 3640 692040 610

P 1822. CK31EJ02 2938 607.6 2420 3640 692040 603

P 1823. CK31EJ03 2938.4 734 3030 3640 692040 206

P 1823. CK31EJ03: 2938.4 729 3230 3(340 692040 206

P 1924. CK31EJ04 2938.8 336 3010 3640 692040 112

P 1824. CK31EJ04 2938.8 343 3010 3640 692040 120

P 1825. CK31EJ05 2939.1 337 447000 3640 692040 101

P 1825. CK31EJO5 2939.1 333 443000 3640 692040 139

P 1826. CK31EJ06 2939.5 92100 876000 351000 9513730 3069

P 1826. CK31EJ06 2939.5 95699.9 881000 353000 9759220 3090

P 1827. CK31EJ07 2939.9 130000 930000 571(1000 39188200 40667

P 1827. CK31EJ07 2939.9 130000 941000 573000 39238000 39367
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l0

Laboratory
sample f

Pmject

sample /

Cumulative Column
Volumes 11 Column

volume ^ 4.85 mLl

Uranium

Concentration

(ppb)

Total Chromium

Concentration
Ippbl

Chromium IVB
Concentration

(ppb)

Nitra¢e,
Conmcenfiratioli

(ppb)

Chbridir
^ncentraRion

P1828. CK31EJO8 2940.3 3,9600 432000 282000 3279P000 86325

P 1828. CK31EJ08 2940.3 40700 437000 285000 12967000 90691

P 1829. CK31EJ09 2940.8 19200 165000 103000 11475^000 118008

P 1829. CK31EJ09 2940.8 20000 164000 105000 21634000', 121821

P 1830. CK31EJ10 2941.2 16000 80400 51500 12008000f 132375

P 1830. CK31EJ10 2941.2 15700 81300 52000 111913000 136732

P 1781. CK3tSA01 310.7 5 29.8 19.4 11050 1591

P 1781. CK31SAO1 310.7 5 29.8 19.4 10960( 1629

P 1796. CK31SB01 648.4 5.4 :298 19.4 25960 1259

P 1796. CK31SB01 648.4 5.7 :298 19.4 25780 1277

P 1799. CK315001 952.7 36 43 19.4 11450 585

P 1799. CK31SCOI 952.7 36 33 19.4 11270; 591

P 1802. CK31 SDOt 1256.3 43 42 19.4 12990 440

P 1802. CK31 SD01 1256.3 43 34 19.4 13170, 434

P 1805. CK31 SE01 1544.3 69 69 19.4 9•610 4,86

P 1805. CK31SE01 1544.3 67 67 19.4 8690 4,85

P 1808. CK31SFO1 1^815 98 43 27.2 8460 582

P 1808. CK31SFO1 1815 99 45 19.4 8470 571

P 1811. CK315G01 2057.9 106 42 27.2 7082 693

P 1811. CK31 SG01 2057.9 105 37 19.4 7094 706

P 1814. CK31SHO1 2286.4 155 '40 32.4 6523 620

P 1814. CK31SHO1 2286.4 150 49 32.4 6530 617

P 1817. CK31 SI01 26413.8 79 61 19.4 16870 413

P 1817. CK31 SIO1 2603.8 80 550 19.4 17010 417

P 1820. CK31 SJOI 2936.8 56 49 19.4 22070 360

P 1820. CK31SJ01 2936.8 55 37 19.4 22230 364
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~O

C$boratory

4ample t

Project
camipla t

Cumulative Column

Volumes D Colimmn
volume ' 4.85 mLl

Uraniium

Concentration
Ippb]

Total Chromium
,

Concontrartion^

Ippb4

Chromium (VI)

Conaentration
(j^pbl

Nitrate

Concentr;di n
Y(ppb)

Chloride
Conceintration

P 1780. CK31TA01 853 121001 1640 203594 3

P 1780. CK31TAOI 1846 121501 1750 203467B 3.1

P 1835. CK31 TJO1 1
497 2340 1860 20281417 3.1

P1835. CK31TJO1 1508 12310 1870 202328 2.8

IP 1792. CK31 WAO1 3116.2 77 30 54900 38100 4753710 127700

P 1792. CK31WA01 316.2 7860 54500 37109 490111210 131520

P 1793. CK31WA02 317.2 .4960 13940 35400 4302520 138823

P 1793. CK31WA02 317.2 :4810 4040 349001 42642910 144298

P 1794. CK31WA03 318.2 1,^900 $4600 38100 382478i 142710

P 1794. CK31 WA03 318.2 1i500 y3500 3560CI 3946906 145130

P 1795. CK31WA04 320.9 4720 1600 20000 234467 96294

P 1795. CK31WA04 320.9 7290 a11200 2170CI 2405750 94262

P 1798. CK31WB01 658.3 24400 78300 49100 7686570 105182

P 1798. CK31WB01 658.3 24800 79400 50300 7172500 111790

P 1801. 0K31WC01 962.5 5900 9390 3640 1320100 ' 99^070

P 1801. CK31WC01 962.5 6000 8380 4860 1318763 97157

P 1804. CK31WD01 1265.6 6400 15400 7060 1679920 101794

P 1804. CK31WD01 1265.6 6400 14700 8030 1650650 106367

P 1807. CK31WE01 1553.4 6200 - 10300 8520 1606520 94143

P 1807. CK31WE01 1553.4 6100 8990 6810 1627910 93045

P 1810. CK31WF01 1824.1 4600 ^ 12020 3640 1548790 104167

P 1810. CK31WF01 1824.1 4400 . 12830 3880 1520210 103370

P 1813. CK31WG01 2066.7 4000 11900 6080 1843750 101952

P 1813. CK31WG01 2066.7 4900 11600 5840 1823140 103800

P 1816. CK31WH01 2295.2 4367 14800 6080 1679120 106368

P 1816. CK31WH01 2295.2 4423 14500 7790 1690510 106071
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^

Laboratory

sample t
Project

sample 11

Cumulative Column
Volumec (1 Column
hmolume - 4.85 mLl

Uranium
Concentration

(ppb)

Total Chromium
Concentration

(ppb)

Chromium (VII
Concenitratioq

(pp5)

Nitrate
i:ancentratfion

(ppbl

Chlorfde

CommntnatNon

P 1819. CK31 W101 2612.7 3500 118100 12200 2294030 1'07953

P 1819. CK31W101 2612.7 3600 118600 11200 2247260 1I05167

P 1831. CK31 WJ01 2942.3 13500 49700 31500 5557540 1412900

P 1831. CK31 WJ01 2942.3 14300 419700 32000 54827110 149327

P 1832. CK31 WJ@2 2943.4 3570 10100 4130 1389790 L4.ir r3i 4

P 1832. OK31WJ04 2943.4 3850 9090 3640 13776E0 148947

P 1833. CK31WJ03 2944.4 1220 6870 3640 692040 99109

P 1833. CK31WJ03 2944.4 1230 7070 3640 692040 97074

P 1834. CK31WJ04 2945.4 1300 3010 3640 692040 45106

P 1834. CK31WJ04 2945.4 1270 3010 3640 69204-0 45940
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Distribution Process Chemistry Labs

Project Title/Work Order

Treatment Tests for Ex Situ Removal of Chromate, Nitrate, and
Uranium ( VI) from Hanford (100-HR-3) Groundwater Final Report

Texi Text Only
Name MSIN With All

Attach.

G. S . Barney T5-12 X
M: IL. Re11

N. A. Beck (7)
R. L. Biggerstaff

---^ H. Delegard
B. Duncan (2)
D. Goller

L® Jensen
; R. Jewett (2)

^M.' J. Lindberg
7 . [_^ii _i -eu^-e^,., ocn _--
P. Sloughter

(:°cntral FiicS (2)
EPIC (2)
ERC
IRA (91

T6-16
T6-09 X
H6-02 X
T6-09 X

H6-05 X
A5-19 X
T6-07 X
T6-09 X
55-51 X
54-25 X
T6-07 X
I-14-23 X
L8-04 X
H6-08 X
H6-07 X
H%•-1; X

Page 1 of 1

Date. 2/22/94

EDT No. 600847

ECN No. NA

Attach./ EDT/ECN
Appendix Only

Only
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